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RÉSUMÉ 
Prédictions de complexes protéine-ligand par arrimage moléculaire: 
Développement et applications 
 
Par 
Francis Gaudreault 
Programme de biochimie 
 
Thèse présentée à la Faculté de médecine et des sciences de la santé en vue de l’obtention 
du diplôme de philosophiae doctor (Ph.D.) en biochimie, Faculté de médecine et des 
sciences de la santé, Université de Sherbrooke, Sherbrooke, Québec, Canada, J1H 5N4 
 
Les protéines sont des entités intrinsèquement dynamiques et de nombreuses études ont 
démontré l’importance de cette propriété à leurs fonctions. Plus particulièrement, la flexibilité 
protéique est essentielle dans le processus de reconnaissance moléculaire. Lors de tels 
évènements, les protéines peuvent subir des changements conformationnels mineurs 
(déplacement de chaînes latérales des acides aminés), majeurs (déplacement de domaines 
entiers de la protéine) et/ou même se replier. Mes travaux de thèse ont permis de démontrer 
que de tels réarrangements mineurs sont fréquents et ont aussi permis d’élucider certaines 
causes potentielles physiques et chimiques. De plus, mes travaux ont démontré l’importance de 
considérer la flexibilité des chaînes latérales lors de simulations de tels évènements de 
reconnaissance moléculaire. 
Plusieurs méthodes computationnelles, dont la dynamique moléculaire et l’arrimage 
moléculaire, peuvent être utilisées pour prédire la liaison d’un ligand à sa cible. D’un côté, la 
dynamique moléculaire permet de considérer la flexibilité protéique à toute échelle, mais 
nécessite un pouvoir computationnel énorme. D’un autre côté, l’arrimage moléculaire restreint 
le nombre de degrés de liberté considérés, entre autres imposés par la flexibilité protéique. Mes 
travaux de thèse, en ce qui a attrait au développement de la méthode d’arrimage moléculaire 
appelée FlexAID, ont permis d’inclure une certaine flexibilité protéique intrinsèque limitant 
ainsi le nombre de degrés de liberté requis, tout en offrant la possibilité d’ajouter des degrés de 
liberté supplémentaire pour les mouvements de plus grande envergure ne pouvant être 
accommodés par cette plasticité protéique. De plus, mes travaux démontrent que FlexAID est 
compétitive aux autres méthodes dans le domaine et obtient de meilleures performances dans 
le scénario où les conformations des protéines sous la forme liée sont inconnues. 
Dans un autre ordre d’idées, les nombreuses simplifications introduites par un logiciel 
d’arrimage lui permettent d’être une méthode rapide et applicable à la découverte de nouvelles 
molécules ayant un effet thérapeutique potentiel. Lorsqu’une méthode de repointage est 
utilisée, les résultats de FlexAID en enrichissement de composés se rapprochent des 
performances d’autres logiciels couramment utilisés lors de criblage virtuel. Mes travaux 
portant sur le système biologique de la Matriptase-2 montrent que la méthode FlexAID peut 
être utilisée à la découverte de nouvelles petites molécules. 
 
Mots clés : Arrimage moléculaire, flexibilité protéique, chaînes latérales, plasticité 
protéique, fonction de pointage, découverte de médicaments 
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INTRODUCTION 
La reconnaissance moléculaire 
L’ensemble des phénomènes biologiques découle d’une interaction entre deux ou plus 
partenaires pouvant impliquer des protéines, des molécules d’ADN ou d’ARN, des petites 
molécules et/ou des arrangements complexes d’une ou plusieurs de ces molécules. La 
reconnaissance moléculaire, c.-à-d. l’étude qui tente de mieux comprendre les interactions 
non covalentes entre partenaires, est donc centrale et essentielle à une bonne 
compréhension de la biologie. L’avènement de la biologie structurale a permis de résoudre 
la structure de molécules à l’échelle atomique et a amené le développement d’outils 
bioinformatiques permettant de visualiser et mieux comprendre la spécificité des 
interactions ayant lieu entre les partenaires. Les connaissances apprises dans le domaine de 
la reconnaissance moléculaire sont d’une valeur inestimable, car celles-ci permettent de 
répondre à une variété de questions biologiques sur la promiscuité de liaison ainsi que 
d’augmenter notre capacité de développement de nouvelles thérapies et d’ingénierie de 
nouvelles molécules. Comment une molécule arrive-t-elle à reconnaitre spécifiquement son 
ou ses partenaires dans un contexte cellulaire où des milliers de molécules cohabitent? 
Quels groupements chimiques fonctionnels sont requis à l’interaction avec un partenaire? 
 
Mécanismes de reconnaissance moléculaire 
Différents mécanismes ont été proposés au fil des années afin de représenter les 
évènements de reconnaissance moléculaire (Figure 1). Historiquement, les protéines étaient 
considérées comme des entités rigides. En outre, le mécanisme clé-serrure (ou lock-and-
key) postulé par Fisher schématisa l’interaction entre deux molécules comme une 
interaction rigide, assumant ainsi une complémentarité de forme parfaite entre les deux 
molécules (Fischer, 1894). Toutefois, en aucun cas le modèle clé-serrure ne pouvait 
expliquer l’inhibition non compétitive allostérique. Comment une molécule allostérique 
parviendrait-elle à empêcher la liaison du substrat naturel à sa cible protéique si cette 
dernière ne ressent aucun effet et ne subit aucun changement conformationnel? Le 
mécanisme mouvement-induit (ou induced-fit) postulé par Koshland introduisit le concept 
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de flexibilité protéique et qu’une protéine peut subir des changements conformationnels 
pour permettre la liaison à son substrat (Koshland, 1958). Cette représentation de la 
protéine comme une entité en mesure de s’adapter à son substrat lui a d’ailleurs valu 
l’appellation main-dans-gant (ou hand-in-glove). 
 
  
Figure 1 – Mécanismes d’évènements de reconnaissance moléculaire 
Schématisation des différents mécanismes d’évènements de reconnaissance moléculaire 
entre un ligand (vert) et une protéine (jaune). Le mécanisme de clé-serrure (A) nécessite 
une complémentarité parfaite afin que les deux molécules puissent interagir. Selon le 
mécanisme mouvement-induit (B), la protéine peut subir des changements 
conformationnels afin de s’adapter à son ligand. Selon le mécanisme de sélection 
conformationnelle (C), la protéine existe sous un ensemble conformationnel en équilibre 
thermodynamique et le ligand lie préférentiellement une ou plusieurs de ces conformations. 
 
Un troisième mécanisme fit son apparition et introduisit le concept de dynamisme protéique 
(Rubin et Changeux, 1966). Contrairement au mécanisme mouvement-induit qui propose 
une vision rigide de la protéine sous les états lié et non lié, le mécanisme de sélection 
conformationnelle propose une vision beaucoup plus réaliste de la protéine comme une 
entité dynamique existante sous un ensemble de conformations en équilibre 
thermodynamique. Lors de la liaison, le ligand lie préférentiellement une ou plusieurs 
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conformations de l’ensemble menant ainsi à un changement dans la population des états 
accessibles énergétiquement. Ce mécanisme permet de bien illustrer que la dynamique 
d’une protéine est directement couplée à sa fonction. Il est à noter que le mécanisme clé-
serrure peut demeurer valable dans certains cas et être vu comme un mécanisme de 
sélection conformationnel pour lequel une seule conformation est accessible 
énergétiquement. Malgré qu’aujourd’hui la sélection conformationnelle domine la 
littérature, celui-ci ne demeure pas exclusif afin d’expliquer les évènements de 
reconnaissance moléculaire. Notamment, il est suggéré que ceux-ci peuvent combiner une 
sélection conformationnelle à des effets induits en allouant à la protéine d’adopter une 
conformation non observable sous l’état non lié (Teague, 2003). 
 
La cristallographie et la modélisation par homologie 
L’élucidation de la structure d’une protéine est essentielle afin d’étudier la dynamique et la 
fonction de celle-ci et est d’une valeur inestimable lors du développement de nouvelles 
molécules thérapeutiques. Il existe deux techniques couramment utilisées afin de résoudre 
la structure d’une protéine, soit la cristallographie à rayons X et la résonance magnétique 
nucléaire (RMN). La cristallographie consiste en premier lieu à déterminer les conditions 
expérimentales requises à la production d’un cristal de la protéine, c.-à-d. un arrangement 
ordonné, compact et répété de protéines (Garman, 2014). Le cristal obtenu est par la suite 
bombardé de rayons X qui sont diffractés par la présence des électrons des atomes afin 
d’obtenir un patron de diffraction unique. Par des analyses computationnelles, ce patron 
permet l’obtention d’un nuage de densité électronique moyenné pour la population entière 
des protéines du cristal et à partir duquel une localisation fixe des atomes est assignée afin 
d’obtenir la structure finale. La capacité de définir précisément la localisation des atomes 
est directement liée à la qualité du cristal; un cristal de basse qualité présente un nuage de 
densité électronique diffus (faible résolution) pour lequel il est difficile ou voire même 
impossible d’attribuer une localisation fixe aux atomes. Par conséquent, les régions 
hautement flexibles apparaissant comme diffuses ne sont généralement pas observables 
dans la structure finale. D’un autre côté, un cristal de haute qualité présente un nuage bien 
défini à un point tel qu’il est parfois possible de discriminer tous les éléments atomiques et 
d’observer les atomes d'hydrogène. Les conditions du cristal contraignent et biaisent la 
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dynamique de la protéine et par conséquent offrent très peu d’informations sur 
l’hétérogénéité conformationnelle de la structure mis à part certaines mesures indirectes et 
indicatrices de mouvement tels les facteurs B (Furnham et al., 2006). Malgré cette 
dynamique restreinte, il n’empêche pas que plusieurs sous-populations de protéine du 
cristal (communément appelées conformations alternatives) peuvent être observées. 
Lorsqu’aucune structure de notre protéine d’intérêt n’est disponible, dans certains 
cas il est possible de dériver sa structure uniquement à partir de méthodes 
computationnelles. La méthode privilégiée est la modélisation par homologie qui consiste à 
déterminer la structure d’une protéine à partir d’une protéine similaire d’un point de vue de 
la séquence et dont la structure est connue. La méthode est basée sur le principe que la 
structure d’une protéine est beaucoup plus conservée que la séquence et assume que deux 
protéines partagent la même structure lorsqu’elles ont une identité de séquence élevée. En 
fait, au-delà d’une identité de séquence de 30%, la structure d’une protéine peut-être prédite 
avec confiance et est comparable à une structure obtenue par cristallographie à résolution 
élevée (Xiang, 2006). Bien qu’il est possible de dériver la structure à l’aide de méthodes ab 
initio lorsqu’aucune structure gabarit n’est disponible, ceux-ci se situent encore aux phases 
préliminaires étant donné l’immense complexité du problème de repliement (Moult et al., 
2013). Toutefois, de nouvelles approches très prometteuses de coévolution ont émergé 
grâce à l’avenue de l’ère génomique (Marks et al., 2012; Hopf et al., 2014). 
 
La flexibilité des protéines 
Selon le mécanisme de sélection conformationnelle, lors des évènements de reconnaissance 
moléculaire un ligand lie une ou plusieurs conformations de l’ensemble conformationnel en 
équilibre thermodynamique. Des expériences par la technique RMN ont démontré que 
même les états faiblement populeux de l’ensemble peuvent être sélectionnés et jouer un 
rôle critique dans le processus de liaison (Mittermaier, 2006). Ces états sont 
vraisemblablement non observables en observant un cristal de la protéine seule en absence 
du ligand. Par contre, étant donné les nombreux avantages de la cristallographie et 
l’accessibilité à de milliers structures résolues par cette technique, il est de pratique 
commune de considérer une structure cristalline dans les protocoles de modélisation. 
Toutefois, un biais important est introduit pour les méthodes n’incluant pas la flexibilité 
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protéique dans leur protocole, c.-à-d. celui de représenter la protéine comme une entité 
rigide et d’assumer que l’état observé du cristal de la protéine seule représente aussi l’état 
lié. 
L’étude de la flexibilité des protéines est essentielle afin d’augmenter notre 
compréhension et notre capacité à modéliser correctement le comportement de ces 
molécules. Entre autres, il est possible d’étudier la dynamique d’une protéine par 
l’observation d’une solution RMN, par la dynamique moléculaire ou par l’analyse des 
modes normaux (Go et al., 1983). Il est aussi possible d’inférer de l’information sur la 
dynamique par la comparaison de plusieurs structures cristallines. Par exemple, en 
comparant des structures cristallines représentant la même protéine sous les formes liée et 
non liée, il est possible d’extraire certaines tendances de flexibilité et de les appliquer dans 
les protocoles de modélisation. Les conclusions tirées de telles études sont d’une valeur 
inestimable, car elles nous permettent de mieux comprendre jusqu’à quelle mesure il serait 
possible de considérer la forme non liée lors des protocoles de modélisation d’évènements 
de reconnaissance moléculaire. Par exemple, l’impact de considérer la flexibilité protéique 
lors de la modélisation serait moins important si les ligands tendent à sélectionner de façon 
générale une conformation très similaire à un état stable thermodynamique de la protéine 
seule. 
Étant donné l’abondance de structures résolues par cristallographie et répertoriées 
dans la littérature (Bernstein et al., 1977), il est fréquent de retrouver des cristaux 
représentant une protéine seule ainsi que sa forme liée à un ligand et d’ainsi étudier la 
flexibilité protéique en procédant à des études statistiques à grande échelle et couvrant une 
vaste gamme de familles protéiques. À travers la flexibilité intrinsèque d’une protéine, des 
mouvements de faible et de grande envergure peuvent être observés. Les protéines peuvent 
subir des changements structuraux 1) mineurs impliquant des déplacements de chaînes 
latérales (Daley et Sykes, 2003; Subramanian et al., 2006) et/ou 2) majeurs impliquant des 
réarrangements du squelette peptidique pouvant inclure des mouvements de boucle et/ou 
des domaines en entier de la protéine (Chothia et al., 1983; Rasmussen et al., 2011). 
Plusieurs groupes de recherche ont tenté de mieux comprendre l’étendue de la flexibilité 
protéique. Un groupe a développé la base de données Protein Structural Change DataBase 
(PSCDB) comprenant 839 entrées et ont compartimenté les différents mouvements afin 
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d’étudier la fréquence et la magnitude des réarrangements structuraux impliqués lors de la 
liaison (Amemiya et al., 2011). Le groupe s’est aussi intéressé à savoir si ces changements 
structuraux avaient lieu en proximité du ligand de manière à affecter l’environnement 
chimique entourant le ligand. Cette information est particulièrement bénéfique au domaine 
de l’arrimage moléculaire pour lequel la grande majorité des fonctions de pointage 
quantifie uniquement les interactions impliquant les atomes du ligand. Les résultats de 
l’article nous portent à croire que les changements structuraux majeurs sont relativement 
peu fréquents étant donné que seulement une faible proportion de protéines subit des 
réarrangements couplés à la liaison du ligand impliquant un déplacement des domaines en 
entier de la protéine (7%) ou un déplacement d’une boucle (15%). Notamment, les résultats 
d’autres études tendent aussi à suggérer que les mouvements de grande envergure sont peu 
fréquents. À partir de bases de données comprenant respectivement 521 et 60 entrées, 
l’étude de Brylinski et collègues ainsi que l’étude de Gutteridge et collègues ont mesuré la 
magnitude de mouvements observés entre formes liée et non liée par le biais de la mesure 
du RMSD (Gutteridge et Thornton, 2005; Brylinski et Skolnick, 2007). Les deux études 
suggèrent que la grande majorité des protéines subit des réarrangements de relativement 
faible magnitude avec un RMSD < 1.0Å (91% et 75% des cas). D’autre part, Brylinski et 
collègues ont observé une tendance claire que les protéines à plusieurs domaines subissent 
des réarrangements de magnitude plus élevée avec près d’un tiers des cas avec un RMSD > 
1.0Å. En considérant uniquement les résidus du site de liaison, Najmanovich et collègues 
ont eux aussi montré, à partir d’une base de données comprenant 980 entrées, que les 
changements observés sont généralement de faible magnitude avec seulement 12% des sites 
de liaison ayant un déplacement maximal du squelette peptidique de plus de 2.0Å et 25% 
de plus de 1.0Å (Najmanovich et al., 2000). Les divers résultats sur la flexibilité protéique 
présentés ci-haut sont dérivés de l’analyse de structures cristallines provenant de la PDB. 
Toutefois, il en demeure difficile d’évaluer la portée de ces résultats étant donné qu'il est 
plus difficile de résoudre la structure cristalline des protéines flexibles subissant des 
mouvements de grande envergure. La PDB pourrait ne pas représenter fiablement la 
flexibilité des protéines et un biais inévitable pourrait être observé envers des protéines à 
flexibilité plus restreinte.  
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 Certains groupes de recherche se sont aussi attardés à mieux comprendre les 
changements structuraux mineurs observés localement au site de liaison lors des 
évènements de reconnaissance moléculaire. Gutteridge et collègues ont mesuré le RMSD 
entre formes liée et non liée dans le but de quantifier un déplacement moyen des atomes des 
résidus du site de liaison et ont observé que les changements sont majoritairement de 
l’ordre d’un RMSD < 1.0Å (Gutteridge et Thornton, 2005). Par contre, la mesure de RMSD 
est une mesure moyennée du mouvement brouillant l’information sur les mouvements 
locaux pouvant avoir lieu. En ce sens, Najmanovich et collègues ont étudié la flexibilité des 
chaînes latérales en utilisant une approche plus sensible, mais plutôt subjective de 
différence d’angle dièdre χ pour définir la flexibilité assumant qu’une différence d’angle 
élevée est associée à un changement rotamérique de la chaîne latérale en question. À partir 
de leur base de données la plus rigoureuse comprenant 353 entrées, les auteurs ont montré 
que les déplacements de chaînes latérales sont très fréquents, car près de 70% des sites de 
liaison sont flexibles et que la probabilité des chaînes latérales de se déplacer semble 
corrélée avec le nombre de liens flexibles (Najmanovich et al., 2000). Toutefois, les 
résultats de l’étude sont difficilement transférables et applicables aux outils de modélisation 
qui dans la plupart des cas sont basés sur l’utilisation de conformations rotamériques.  
Certains outils bioinformatiques en reconnaissance moléculaire, par exemple 
l’arrimage moléculaire, doivent restreindre les degrés de liberté associés à la flexibilité 
protéique. À la lumière des résultats présentés ci-haut, il semble être évident que les 
changements structuraux mineurs devraient être priorisés; non seulement ceux-ci sont très 
fréquemment observés, les changements majeurs sont difficilement modélisables 
lorsqu’aucune information n’est disponible. Très peu d’études ont tenté de comprendre en 
détail la nature des déplacements de chaînes latérales lors de la liaison à un ligand. Certains 
résultats pointent vers une flexibilité intrinsèque des acides aminés; 1) Dans leur étude sur 
la flexibilité des chaînes latérales suite à la liaison d’un ligand, Najmanovich et collègues 
ont remarqué une corrélation entre leur échelle de flexibilité avec un indice de surfaces 
exposées au solvant (Najmanovich et al., 2000); 2) Dans leur étude sur de la flexibilité lors 
de l’association protéine-protéine, Betts et Sternberg ont remarqué que la flexibilité des 
chaînes latérales exposées à l’interface semble être majoritairement causée par le désordre 
(Betts et Sternberg, 1999); 3) De façon plus générale, une autre étude a montré que la 
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flexibilité observée suite à la liaison ne diffère pas plus de celle observée de la comparaison 
de plusieurs structures sous la forme non liée (Gutteridge et Thornton, 2005). Malgré que 
l’échelle de flexibilité de la première étude offre certains indices, celle-ci n’est pas 
suffisante afin de discriminer les chaînes latérales plus susceptibles de se déplacer au site de 
liaison. Une nouvelle étude intégrant des mesures plus quantitatives et directes permettrait 
d’extraire certaines tendances de flexibilité et par conséquent de faire un choix plus éclairé 
sur les chaînes latérales qui devraient être priorisées lors des simulations. Les résultats 
présentés au Chapitre 2 adresseront les points mentionnés ci-haut. 
 
Outils bioinformatiques en reconnaissance moléculaire 
L’avènement de la biologie structurale a permis d’ouvrir les portes au développement 
d’outils bioinformatiques afin de mieux comprendre les évènements de reconnaissance 
moléculaire. Plus particulièrement, les techniques de dynamique moléculaire et d’arrimage 
moléculaire sont des outils accessibles et couramment utilisés dans le domaine afin de 
prédire les interactions protéine-ligand (Brooijmans et Kuntz, 2003). D’un côté, la 
dynamique moléculaire permet de simuler computationnellement tous les atomes d’un 
système, incluant explicitement les atomes du solvant, si ceux-ci étaient soumis à la 
physique newtonienne. La technique permet en fin de compte d’explorer l’espace 
conformationnel du système à travers une trajectoire décrivant ce système au fil du temps. 
D’un autre côté, la technique d’arrimage moléculaire permet d’explorer l’espace 
conformationnel du système de manière heuristique par la combinaison de méthodes 
d’optimisation et de minimisation. La technique a pour but d’identifier la conformation la 
plus stable énergétiquement du complexe selon une fonction de pointage. 
Ces deux techniques possèdent leurs propres forces et faiblesses et par conséquent 
ont des rôles distincts et complémentaires dans l’analyse des évènements de reconnaissance 
moléculaire. D’un côté, bien que la dynamique moléculaire ne limite pas les degrés de 
liberté associés à la flexibilité protéique permettant ainsi de simuler efficacement la 
dynamique du système, la technique nécessite un pouvoir computationnel énorme limitant 
ainsi son utilisation à grande échelle (Figure 2). En effet, les mouvements de grande 
envergure des protéines sont difficilement visibles à l’intérieur d’une courte échelle de 
temps. D’un autre côté, l’arrimage moléculaire impose plusieurs simplifications au niveau 
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de la représentation du système entre autres en limitant les degrés de liberté associés à la 
flexibilité protéique et en traitant en majeure partie les atomes du solvant implicitement. 
Par contre, ces simplifications permettent à la méthode d’échantillonner rapidement 
l’espace conformationnel sans nécessiter un pouvoir computationnel élevé et permettent 
son applicabilité à des études de haut débit. 
 
 
Figure 2 – Conceptualisation d’un paysage énergétique 
Structure d’une protéine (bleu pour la surface de Connolly (Connolly, 1983), et vert pour la 
structure tertiaire; code PDB 1STP) complexée à un ligand (rouge pour la prédiction, et 
blanc pour la pose de référence obtenue expérimentalement) en fonction de l’énergie 
prédite selon une fonction de pointage. Chaque point sur la ligne pleine représente une 
structure unique du complexe protéine-ligand. Le parcours de l’espace de recherche en 
dynamique moléculaire se fait selon une approche déterministique tandis que l’arrimage 
moléculaire peut combiner des approches déterministiques et stochastiques (Brooijmans et 
Kuntz, 2003). Plus l’énergie prédite est basse plus le complexe est stable. Les puits 
énergétiques représentant les complexes stables (minimums locaux) ou le plus stable 
(minimum global) sont indiqués. 
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L’arrimage moléculaire 
La technique d’arrimage moléculaire est une méthode bioinformatique de modélisation 
permettant de prédire la conformation la plus stable énergétiquement d’un complexe 
protéine-ligand. Le document présent traitera essentiellement du sous-domaine de 
l’arrimage moléculaire de petites molécules. Bien que le ligand puisse représenter une autre 
protéine pour certains algorithmes (Chen et al., 2003; Schneidman-Duhovny et al., 2005), 
les performances obtenues en arrimage protéine-protéine demeurent encore aujourd’hui très 
loin de celles obtenues en arrimage protéine-petites molécules (Huang, 2015). Comme 
toute technique d’optimisation, les méthodes d’arrimage peuvent se sous-diviser en trois 
composantes: le pointage, la recherche et la représentation. Ces trois composantes sont 
interconnectées, car plus la représentation est complexe, plus les fonctions de pointage et de 
recherche devront être élaborées. Les algorithmes d’arrimage moléculaire peuvent 
représenter différemment le système biologique prédit, soit 1) en considérant le complexe 
comme une entité entièrement rigide ou partiellement flexible, 2) en incluant implicitement 
ou explicitement les atomes d'hydrogène ou 3) de certaines molécules d’eau ordonnées, etc. 
À partir de la représentation peut être défini l’espace de recherche, c.-à-d. l’ensemble de 
toutes les possibilités du problème d’optimisation donné. Par exemple dans le cas simpliste 
où les deux molécules sont considérées comme rigides incluant seulement les degrés de 
translation et de rotation du ligand, l’espace de recherche serait représenté par toutes les 
possibilités d’orientations relatives d’une molécule par rapport à l’autre. Le paysage 
énergétique permet de représenter cet espace de recherche en fonction de la valeur prédite 
selon une fonction de pointage. Dans le contexte d’arrimage, la fonction de pointage permet 
de quantifier les interactions des deux molécules du complexe afin de leur attribuer une 
valeur relative d’affinité de liaison. La nature de la fonction de pointage a un impact direct 
sur le paysage énergétique en y définissant des puits énergétiques plus lisses ou abrupts 
dépendamment des exigences de la fonction et des contraintes d’interactions imposées. 
Finalement, la fonction de recherche permet de chercher efficacement à travers ce paysage 
énergétique dans l’objectif de trouver le minimum global au détriment des minimums 
locaux. 
Dans le passé, Najmanovich et collègues ont développé FlexAID, une méthode 
d’arrimage moléculaire de petites molécules (Najmanovich, 2013). Le logiciel a été 
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développé par modules de manière à faciliter le remplacement de ses différentes 
composantes. Les sections suivantes aborderont plus en détail les trois composantes du 
logiciel. FlexAID est fortement basé sur les principes du logiciel LIGIN (Sobolev et al., 
1996) et introduit plusieurs de leurs simplifications en ce qui a attrait à la fonction de 
pointage et à la représentation. Toutefois, le potentiel des idées introduites par LIGIN n’a 
jamais été exploité au maximum. En fait, le logiciel LIGIN a été développé dans un 
contexte historique différent; le pouvoir computationnel ainsi que la quantité 
d’informations structurales étaient de beaucoup moindres par rapport à ce qu’ils sont 
aujourd’hui. Nous croyons que certaines des idées introduites par LIGIN sont prometteuses 
et qu’il serait avantageux d’exploiter ces idées dans notre ère technologique et moderne de 
la biologie structurale afin d’augmenter davantage les performances de FlexAID. Ces idées 
sont discutées plus en détail dans les sections qui suivent. 
 
Fonction de pointage 
Les fonctions de pointage en arrimage moléculaire de petites molécules permettent de 
décrire une interaction non covalente entre une cible et un ligand en estimant les diverses 
contributions énergétiques de liaison. Étant donné la complexité du problème, ces fonctions 
doivent introduire plusieurs simplifications afin d’être applicable dans un contexte 
d’arrimage dans lequel des milliers, voire même des millions de complexes devront être 
évaluées énergétiquement. Plus une fonction de pointage est élaborée et lente moins celle-ci 
sera applicable donnant ainsi lieu à une balance inévitable entre la qualité et la rapidité. 
La liaison d’un ligand à une protéine est un processus spontané pour lequel la 
différence d’énergie libre de liaison entre les formes liée et non liée est négative et qui 
implique une balance entre des contributions énergétiques non additives enthalpiques et 
entropiques (Williams et al., 2004; Bissantz et al., 2010) (Équations 1 et 2). La grande 
majorité des fonctions incluant celle de FlexAID estime l’énergie d’une interaction en se 
basant sur l’assomption que ces contributions énergétiques sont additives, c.-à-d. 
l’interaction peut se décrire comme une combinaison linéaire de termes indépendants les 
uns envers les autres (Dill, 1997). Bien que certaines fonctions de pointage tentent de 
capturer des effets non additifs (Ballester et Mitchell, 2010; Kinnings et al., 2011), les 
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fonctions de pointage linéaires demeurent beaucoup plus simplistes et plus facilement 
interprétables. 
 Eq. 1							Δ𝐺()*+ = 		Δ𝐻 − 𝑇Δ𝑆	Eq. 2							Δ𝐺()*+ = 		𝐺2345678 − (𝐺:7275;3: + 𝐺6)=>*+) 
 
Des plus communes des contributions enthalpiques sont comprises les forces van der Waals 
ainsi que les forces associées aux attractions et répulsions électrostatiques entre atomes aux 
propriétés polaires. Les contributions enthalpiques sont quantifiées différemment par les 
différents types de fonctions de pointage. Les fonctions basées sur des principes premiers 
ou aussi appelées champ de force quantifient les forces van der Waals à l’aide du potentiel 
Lennard-Jones ainsi que les forces électrostatiques par la loi de Coulomb nécessitant 
préalablement de calculer précisément la charge des atomes des molécules (Meng et al., 
1992; Corbeil et al., 2007) (Équation 3). 
 Eq. 3							Δ𝐺()*+ ≈ 𝐴)C𝑅)CEF − 𝐵)C𝑅)CH + 𝑞)𝑞C𝜀𝑅)C),C  
 
Les fonctions semi-empiriques ou empiriques (Équation 4) empruntent les termes de champ 
de force ou incluent des termes fictifs décrivant les interactions polaires où chaque terme 
doit est calibré à partir de données expérimentales (Böhm, 1994; Rarey et al., 1996; 
Eldridge et al., 1997).  
 Eq. 4							Δ𝐺()*+ ≈ Δ𝐺M + Δ𝐺N( 𝑓 Δ𝑅, Δ𝛼N(3*+Q + 	Δ𝐺6)53 𝑓∗ Δ𝑅6)53	23*;. + Δ𝐺:3;𝑁:3; 
 
Les fonctions basées sur les observations (Équation 5) sont basées sur le principe que plus 
une interaction est observée fréquemment à une distance donnée par rapport à un état de 
référence, plus celle-ci est favorable énergétiquement (Sippl, 1995). Ces dernières 
quantifient les interactions à l’aide de courbes énergétiques obtenues à partir de fonctions 
de distribution radiale. Les propriétés de polarité des atomes sont décrites implicitement via 
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l’utilisation de types d’atomes. La liste d’atomes Sybyl comprenant une quarantaine de 
types est d’ailleurs une des plus courantes (Gohlke et al., 2000; Huang et Zou, 2006).  
 Eq. 5						Δ𝐺()*+ ≈ 𝐴)U,CU(𝑟)),C 																									𝑜ù			𝐴)U,CU 𝑟 = −𝑘𝑇 ln 𝑔)U,CU(𝑟)𝑔(𝑟)  
Pour sa part, la méthode FlexAID a aussi recours à l’utilisation de types d’atomes et 
quantifie les interactions par le biais de la fonction de complémentarité (CF), une version 
légèrement différente de celle précédemment publiée (Sobolev et al., 1996). Le paramètre 
énergétique d’une interaction dans la CF est modulé par la surface en contact entre les deux 
atomes; plus la surface est importante plus l’interaction est forte (Figure 3). Comme 
mentionné ci-haut, le logiciel FlexAID est fortement basé sur le logiciel LIGIN et emprunte 
sa liste de types d’atomes ainsi que sa matrice d’interactions, c.-à-d. une matrice 
répertoriant le caractère attractif ou répulsif des interactions. Par exemple une interaction 
impliquant deux atomes à charge identique est défavorable et une impliquant deux atomes 
hydrophobes est favorable. Toutefois, la liste d’atomes est limitée à seulement huit types 
d’atomes (hydrophile, accepteur, donneur, hydrophobe, aromatique, neutre, neutre-
accepteur et neutre-donneur) ne permettant pas de décrire précisément les propriétés des 
atomes. De plus, la matrice par défaut vulgarise beaucoup trop les lois de la nature en 
assumant que toutes les interactions sont favorables ou défavorables également; par 
exemple un pont hydrogène sera énergétiquement aussi favorable qu’une forte interaction 
électrostatique. Le Chapitre 3 abordera cette problématique et décrira le développement 
d’une nouvelle fonction de pointage utilisant une liste d’atomes plus exhaustive ainsi 
qu’une matrice d’interaction plus appropriée dans le but d’augmenter le pouvoir prédictif 
du logiciel.  
Les interactions polaires incluent d’ailleurs les ponts hydrogène, une interaction 
permettant de conférer la spécificité de liaison et soumise à des contraintes spécifiques 
d’angle et de distance (McDonald et Thornton, 1994). Les champs de force peuvent ou non 
inclure un terme de pont hydrogène. Les fonctions semi-empirique ou empirique 
contiennent généralement un terme spécifique tenant compte des ponts hydrogène qui 
attribue une pénalité aux déviations par rapport aux valeurs optimales d’angle et de distance 
(Rarey et al., 1996). En considérant explicitement les atomes d'hydrogène, un logiciel 
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d’arrimage intégrant une telle fonction pourrait ajouter un certain degré d’incertitude lors 
de simulations en prédéfinissant un réseau de ponts hydrogène et une géométrie au site de 
liaison négligeant ainsi l’impact que pourrait avoir la flexibilité protéique. Par conséquent, 
on pourrait croire que ce type de fonction de pointage serait plus sensible aux moindres 
changements structuraux ainsi qu’aux états de protonation et de tautomérisation et qu’une 
fonction plus permissive imposant moins de contraintes permettrait de mieux prédire lors 
de tests aveugles, c.-à-d. lorsque ni la conformation et ni les états de protonation et 
tautomérisation sont connus. Comme mentionné ci-haut, les fonctions de pointage basées 
sur les observations ainsi que la CF de FlexAID se basent sur l’utilisation de types 
d’atomes et définissent des atomes agissant comme accepteurs et donneurs d’hydrogène 
sans avoir à définir explicitement ces atomes d’hydrogène. 
 
  
 
Figure 3 – Interaction moléculaire de la fonction de complémentarité 
Schématisation d’une interaction entre deux molécules dans le logiciel FlexAID. Les 
surfaces moléculaires (Lee et Richards, 1971) de van der Waals et élargies par une 
molécule d’eau sont représentées par des lignes pleines et pointillées. Un atome se voit 
assigner un type d’atome permettant de décrire ses propriétés chimiques. La surface en 
contact représentée par la région hachurée permet de moduler la force de l’interaction entre 
les deux atomes. L’interaction est attractive ou répulsive dépendamment si les types 
d’atomes sont complémentaires ou non. Le solvant est considéré implicitement donc toute 
surface exposée est considérée en contact avec celui-ci (flèches bleues). Les atomes 
d'hydrogène sont aussi considérés implicitement donc tout groupement donneur peut 
présenter un hydrogène partout à sa surface indépendamment de l’orientation (ligne bleue 
pointillée). 
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Contrairement aux fonctions basées sur les observations qui incluent les contraintes d’angle 
et de distance indirectement dans les calculs des fonctions de distribution radiale, la CF se 
base sur l’utilisation de surfaces en contact afin de détecter les interactions et n’impose 
aucune contrainte; un groupement donneur peut présenter un hydrogène partout à sa 
surface. Au Chapitre 3, nous évaluerons si une fonction à nature plus permissive comme la 
CF serait en mesure de mieux prédire lors de tests à l’aveugle. 
Les fonctions de pointage doivent aussi inclure des contributions entropiques. 
L’entropie, communément représentée par une mesure du désordre, est une mesure 
d’accessibilité à d’autres états énergétiques distincts; plus un système a d’entropie, plus 
celui-ci aura accès à d’autres états. Une augmentation des contributions entropiques est 
favorable énergétiquement. Les processus biologiques de liaison sont des processus qui ont 
lieu dans un milieu aqueux. L’exposition d’atomes non polaires au solvant est très 
pénalisante entropiquement, car elle nécessite une restructuration des molécules d’eau 
environnante (Tanford, 1978). Cet effet entropique, dit l’effet hydrophobique, sert de 
fondement en biologie et une force dominante permettant la liaison d’un ligand en forçant 
le ligand à enfouir ses groupements hydrophobes. Les fonctions de pointage dans le 
domaine de l’arrimage moléculaire traitent le solvant de manière implicite en représentant 
celui-ci comme un continuum en n’excluant pas que certaines molécules d’eau ordonnées 
puissent être traitées de manière explicite (Rarey et al., 1999; Corbeil et al., 2007). L’effet 
hydrophobique est capturé indirectement dans les fonctions basées sur les observations 
dans les cas où le seuil de distance utilisé pour les calculs de fonctions de distribution 
radiale est suffisamment élevé (Muegge et Martin, 1999). Autrement, l’effet doit être 
capturé à l’aide de termes additionnels (Gohlke et al., 2000). Une grande variété de 
fonctions de pointage corrèle la magnitude de l’effet hydrophobique avec les surfaces 
accessibles hydrophobes. Malgré que l’utilisation de surfaces ne demeure qu’une 
approximation (Wagoner et Baker, 2006), la pratique est très courante autant chez les 
fonctions basées sur des principes premiers comme MM/GBSA ou PBSA (Honig et 
Nicholls, 1995; Zou et al., 1999) que chez les fonctions empiriques (Böhm, 1994; Rarey et 
al., 1996; Wang et al., 2002). Les travaux de Najmanovich et collègues ont permis 
d’étendre la version originale de la CF en y ajoutant un terme de solvatation forçant ainsi le 
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ligand à minimiser ses contacts avec le solvant et à s’enfouir à l’intérieur des cavités de la 
protéine (Najmanovich, 2013). Les auteurs ont d’ailleurs noté des performances accrues en 
prédiction du mode de liaison. Par contre le terme de solvatation est plus ou moins 
représentatif des lois de la nature, car celui-ci pénalise autant l’exposition au solvant de 
groupements polaires qu’apolaires. 
 
Fonction de recherche 
Étant donné le vaste espace de recherche, il est irréalisable de tester chacune des 
possibilités de conformations du complexe. Afin d’échantillonner efficacement l’espace de 
recherche et de rapidement identifier les minimums locaux, la majorité des logiciels 
d’arrimage intègre des méthodes de recherche avancées. Des plus communes sont 
comprises les méthodes stochastiques d’optimisation de Monte Carlo (Zavodszky, 2005; 
Davis et Baker, 2009; Neves et al., 2012) ou d’algorithmes génétiques (Jones et al., 1997; 
Morris et al., 1998; Corbeil et al., 2007) ainsi que la méthode systématique de construction 
incrémentale (Meng et al., 1992; Rarey et al., 1996). Pour sa part, le logiciel FlexAID a 
recours à des algorithmes génétiques (Najmanovich, 2013). Brièvement, ces algorithmes 
imitent le processus de l’évolution par sélection naturelle selon lequel dans une population 
donnée les individus ayant une meilleure fitness ont une probabilité plus élevée de 
transmettre leur code génétique à la descendance. Chaque individu consiste en réalité à un 
ensemble de gènes où chaque gène code pour un degré de liberté pouvant représenter la 
translation/rotation du ligand ou la flexibilité du ligand ou de la protéine. Par conséquent, 
chaque individu peut se traduire en une conformation unique du complexe. Au fil des 
générations, les « bons » gènes, c.-à-d. ceux procurant une meilleure énergie au complexe, 
seront conservés lors de la reproduction procurant ainsi une optimisation des degrés de 
liberté et menant à l’obtention d’un complexe énergétiquement stable. Afin d’éviter une 
homogénéité de la population pouvant nuire au processus d’optimisation, des mutations et 
de l’enjambement peuvent avoir lieu lors de la transmission du code génétique. Par contre, 
étant donné la nature des algorithmes génétiques, ceux-ci ont tendance à échantillonner 
l’espace de recherche relativement plus brusquement en comparaison aux techniques de 
Monte Carlo qui modifient généralement une seule variable d’optimisation à la fois.  
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La complexité de la méthode de recherche est directement interconnectée aux 
composantes du pointage et de la représentation. Par exemple, un logiciel représentant 
explicitement les atomes d’hydrogène aura une fonction de pointage plus élaborée en 
incluant des termes additionnels afin de tenir compte des contraintes de directionnalité et de 
distance des ponts hydrogène. Plus ces contraintes sont restrictives plus le paysage 
énergétique sera abrupte et par conséquent plus la recherche devra être raffinée afin de 
combler les interactions pour atteindre les minimums locaux du paysage énergétique 
(Schulz-Gasch et Stahl, 2003). D’ailleurs, certains algorithmes d’arrimage à nature plus 
restrictive combinent des algorithmes génétiques à des techniques permettant des 
recherches plus locales comme le Monte Carlo (Ruiz-Carmona et al., 2014) ou les 
méthodes de minimisation (Morris et al., 1998). 
 
Représentation 
La simplicité d’utilisation 
La représentation du problème d’arrimage est directement couplée à la simplicité 
d’utilisation de la méthode. Comme mentionné ci-haut, certaines méthodes doivent inclure 
explicitement les atomes d’hydrogène de par la nature de leur fonction de pointage. Par 
conséquent, ces méthodes doivent porter plus d’attention aux états de protonation et de 
tautomérisation des molécules contrairement à des méthodes plus abrégées (ou coarse-
grained), c.-à-d. des méthodes simplifiant la représentation comme celles intégrant une 
fonction de pointage assignant des types d’atomes et incluant implicitement ces atomes 
d’hydrogène. La plupart des structures cristallines ne contiennent pas les atomes 
d’hydrogène étant donné leur résolution. Ainsi dans une réelle application d’arrimage 
moléculaire, les états de protonation et de tautomérisation de la cible et des ligands ne sont 
pas nécessairement connus et les attributions de ces états ne peuvent être que de simples 
assomptions pouvant ainsi biaiser les résultats d’arrimage dépendamment de la sensibilité 
de la fonction de pointage. Afin de pallier ces préoccupations, ces méthodes moins 
abrégées doivent se doter de protocoles avancés de bonnes pratiques et rendent leur 
application moins accessible (Neves et al., 2012; Repasky et al., 2012). D’un autre côté, les 
méthodes d’arrimage incluant une fonction de pointage basée sur des principes premiers ou 
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semi-empirique nécessitent une paramétrisation beaucoup plus étoffée incluant un calcul 
des charges partielles des atomes qui peut parfois être délicate pour certaines molécules. En 
considérant implicitement la charge des atomes ainsi que les atomes d'hydrogène, les 
fonctions abrégées permettent de simplifier énormément la représentation en décrivant les 
propriétés chimiques des atomes implicitement et rendant la fonction indépendante des 
états de protonation (Gohlke et al., 2000). En n’ayant pas à inspecter les structures 
manuellement, les molécules peuvent être traitées de manière automatisée permettant ainsi 
de minimiser les étapes requises de son utilisateur. Malgré que l’utilisation de types 
d’atome mène inévitablement à une perte de sensibilité, il en demeure possible de sauver 
cette sensibilité par une description plus exhaustive de types d’atomes permettant de décrire 
les groupements chimiques de manière plus précise (Neudert et Klebe, 2011). Le Chapitre 4 
décrira une nouvelle approche permettant de simplifier l’arrimage moléculaire. 
 
La flexibilité protéique 
Malgré l’importance de la flexibilité protéique dans les évènements de reconnaissance 
moléculaire, certaines méthodes d’arrimage encore aujourd’hui n’incluent pas la flexibilité 
protéique dans leurs protocoles ou limite celle-ci à la rotation des atomes polaires 
d’hydrogène, par exemple les logiciels GOLD et rDock (Jones et al., 1997; Ruiz-Carmona 
et al., 2014). Bien qu’il soit possible d’effectuer l’arrimage moléculaire individuellement 
sur plusieurs structures distinctes, il est pratique d’inclure directement la flexibilité dans le 
logiciel afin de simplifier les analyses et de réduire le temps computationnel requis. 
La flexibilité protéique est traitée de multiples façons par les méthodes l’intégrant. 
Certaines d’entre elles permettent de tenir compte des mouvements de plus grande 
envergure tandis que certaines sont restreintes aux mouvements plus locaux des chaînes 
latérales. Une approche commune afin de simuler le déplacement des chaînes latérales est 
d’utiliser une banque de rotamères (Leach, 1998). Ces banques sont dérivées de survol de 
centaines ou milliers de structures et répertorient les conformations stables 
thermodynamiquement des chaînes latérales (Dunbrack et Karplus, 1993; Lovell et Word, 
2000). Ceux-ci permettent de drastiquement diminuer l’espace de recherche contrairement 
à des logiciels qui traitent chaque angle dièdre χ séparément comme AutoDock Vina (Trott 
et Olson, 2009). Dans le logiciel FlexAID, les chaînes latérales assignées comme étant 
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flexibles peuvent adopter des conformations rotamériques de la banque de rotamères 
Penultimate (Lovell et Word, 2000). Une étape initiale permet de retenir dans la mesure du 
possible, uniquement les conformations stables énergétiquement du site de liaison. 
Toutefois, l’espace de recherche augmente drastiquement avec chaque chaîne latérale 
additionnelle. Il serait pratique d’extraire certaines tendances de flexibilité afin d’effectuer 
une présélection des chaînes latérales en choisissant uniquement celles les plus probables à 
se déplacer. 
Une autre stratégie des plus communes est la technique de multiples conformations 
du récepteur (MCR) entre autres incluse par les logiciels DOCK et ICM (Meng et al., 1992; 
Schapira et al., 2003). La technique exploite le nombre grandissant de structures 
accessibles dans la PDB et comme son nom l’indique, consiste à importer plusieurs 
conformations pouvant provenir de multiples structures cristallines, d’une solution RMN et 
même jusqu’à une certaine limite, d’un ensemble conformationnel prédit étant donné les 
avancées dans la prédiction de la dynamique des protéines (Frappier et Najmanovich, 
2014). Malgré que l’approche traditionnelle du MCR offre une flexibilité partielle en se 
limitant uniquement aux structures importées, la flexibilité introduite couvre une fraction 
pertinente de la dynamique en représentant des états thermodynamiquement stables. 
Certaines variantes du MCR, entre autres incluses dans les logiciels FlexE et FITTED, 
permettent d’étendre la recherche en combinant certaines régions des différentes structures 
et d’ainsi former de nouvelles structures (Claußen et al., 2001; Corbeil et al., 2007). Un des 
avantages du MCR est qu’elle peut inclure autant les mouvements du squelette peptidique 
que ceux des chaînes latérales. Toutefois, la MCR est aussi sujette à une explosion 
combinatorielle de l’espace de recherche si trop de structures sont incluses pouvant mener à 
une perte de performance. Par le fait même, certains groupes sont parvenus aux mêmes 
conclusions et ont montré que les performances d’arrimage sur un ensemble 
conformationnel avec FlexE ne sont pas en mesure d’égaler les performances d’arrimage 
sur chaque structure individuellement avec FlexX (Claußen et al., 2001; Polgár et Keserü, 
2006). Ces résultats mettent d’autant plus l’emphase sur le fait qu’il est critique de choisir 
avec attention et restreindre les degrés de liberté liés à la flexibilité protéique. 
Les approches décrites ci-haut doivent échantillonner explicitement d’autres 
conformations de la protéine lors de la recherche et font inévitablement face à une 
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explosion combinatorielle. Certains groupes ont proposé des alternatives afin de pallier le 
problème sans nécessiter l’ajout de degrés de liberté additionnels. Dans leur approche 
MCR, Meng et collègues ont choisi d’évaluer l’énergie sur l’ensemble structural à partir 
d’une valeur d’énergie moyennée selon le poids de Boltzmann au lieu de traiter chaque 
structure individuellement (Meng et al., 1992). Les chaînes latérales prédites comme 
hautement flexibles par le logiciel Glide/Prime sont artificiellement mutées pour un résidu 
Alanine (Sherman et al., 2006). La mutation permet de simuler indirectement un 
déplacement de la chaîne latérale en libérant localement l’espace occupé par les atomes afin 
de prévenir des encombrements stériques inévitables. Certains groupes ont plutôt décidé 
d’apporter des modifications directement à leur fonction de pointage. En atténuant le terme 
répulsif du potentiel Lennard-Jones de leur fonction empirique, Ferrari et collègues ont 
simulé une plasticité protéique en allouant une certaine perméabilité entre les rayons van 
der Waals des atomes. Ce type de potentiel est référé dans le texte qui suit comme un 
potentiel lisse comparativement à un potentiel abrupt. Ironiquement, les potentiels lisses 
font d’ailleurs partie intégrante de plusieurs logiciels d’arrimage, mais en tant que 
protocoles avancés servant à augmenter les performances lors de simulations d’arrimage 
contre les formes non liée des protéines. Ce type de protocole devrait être traité comme une 
norme considérant que dans la grande majorité des cas, les conformations liées des 
protéines sont inconnues (Sutherland et al., 2007; Dietzen et al., 2012). Ferrari et collègues 
ont noté que lorsqu’une seule conformation de la protéine est utilisée, le potentiel lisse 
permet d’accommoder au site de liaison des ligands plus imposants et permet d’obtenir de 
meilleures performances de criblage virtuel. Malgré que ce type de potentiel lisse permette 
seulement d’accommoder des mouvements de faible magnitude, celui-ci permet dans la 
mesure du possible de minimiser les degrés de liberté requis à la flexibilité protéique. Par 
contre, le potentiel lisse décrit ci-haut atténue seulement les interactions van der Waals et 
demeure abrupt pour ses autres termes, dont celui évaluant les ponts hydrogène. Il serait 
intéressant d’analyser si une méthode d’arrimage intégrant un potentiel bâti de manière à ce 
que chacun de ses termes soit atténué aurait une capacité de prédiction plus élevée lors de 
tests à l’aveugle. Une telle approche sera décrite au Chapitre 3. 
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Applicabilité à la découverte de médicaments 
Étant donné la rapidité d’exécution de la technique d’arrimage moléculaire de petites 
molécules, la technique est fréquemment utilisée afin d’accélérer le processus de 
découverte de nouvelles molécules. Entre autres, la technique peut être appliquée au 
criblage virtuel de millions de composés afin d’identifier les molécules les plus probables à 
lier la cible d’intérêt. En fait, dans plusieurs cas la technique d’arrimage peut produire de 
bien meilleurs taux d’identification de vrais positifs lorsqu’opposée à la technique plus 
conventionnelle de criblage expérimental (Shoichet, 2004). L’espace chimique, se 
définissant comme l’ensemble de toutes les molécules possibles, est estimé à l’ordre de 
1060 (Dobson, 2004). Lors de telles études de découverte de médicaments basée sur la 
structure (DMBS), il est de pratique commune de restreindre cet espace à une fraction 
pertinente représentant généralement des composés ayant des propriétés physiques 
fréquemment observées chez les médicaments (Veber et al., 2002; Gleeson, 2008; Lipinski 
et al., 2012) sans toutefois trop insister étant donné que plusieurs exceptions à ces 
propriétés existent. Par contre, une alternative pratique existe communément référée par la 
découverte de médicaments par approche par fragments (DMAF) (Figure 4). L’approche 
consiste à utiliser une petite banque de fragments au lieu de composés entiers. Ces 
fragments divergent suffisamment en structure afin de couvrir une fraction plus large et 
moins biaisée de l’espace chimique comparativement à l’utilisation de composés entiers 
(Murray et Rees, 2009). De plus, en représentant les pièces maîtresses des composés, ceux-
ci servent de piliers au développement de nouvelles molécules à échafaudage unique ou à la 
recherche de composés entiers disponibles commercialement et répertoriés dans des bases 
de données massives (Nicola et al., 2012). 
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 Figure 4 – Découverte de médicaments par approche par fragments 
Plan de travail conventionnel utilisé lors d’une stratégie par approche par fragments. Pour 
une cible donnée (bleu pâle), chaque fragment (formes géométriques rouge, bleue et verte) 
est arrimé individuellement à un site de liaison précis afin d’obtenir un profil de liaison. À 
partir du profil peuvent être extraites certaines préférences de structures et d’interactions et 
de définir les bases moléculaires requises à la liaison de la cible. Des composés plus larges 
et formant plus d’interactions avec notre cible pourront ensuite être construits ou 
sélectionnés suite à des analyses complexes combinatoires ou à des recherches 
approfondies dans des bases de données. 
 
 
Les fonctions de pointage ont trois rôles distincts. Celles-ci doivent être en mesure 
1) de discriminer correctement les bonnes poses d’arrimage des mauvaises lors des 
simulations, 2) de classer les différents composés simulés en ordre d’affinité relative de 
liaison ainsi que 3) de mesurer précisément l’affinité de liaison. Malgré que ces trois rôles 
soient intimement reliés, il n’existe présentement aucune fonction applicable à haut débit 
permettant d’assurer ces trois rôles (Huang et al., 2010). Il va de soi que la capacité d’une 
méthode d’arrimage moléculaire à identifier de nouvelles molécules est directement liée à 
sa fonction de pointage. Afin de pallier aux différentes lacunes des fonctions de pointage en 
regard des rôles énumérés ci-haut, il est de pratique commune d’avoir recours à la 
technique de repointage (Charifson et al., 1999; Wang et al., 2003; Guimarães et Cardozo, 
2008). Par exemple, il est possible de coupler une méthode d’arrimage prédisant 
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correctement le bon mode de liaison à une fonction de pointage permettant un meilleur 
classement des composés afin d’accentuer le taux d’enrichissement de composés actifs. 
 Les travaux de Najmanovich et collègues ont permis le développement d’une 
nouvelle fonction de pointage intégrant un terme additionnel de solvatation dans la CF 
(Najmanovich, 2013). Il est difficile de concevoir l’applicabilité de FlexAID à large échelle 
considérant le temps computationnel coûteux entre autres de par les algorithmes requis aux 
calculs des surfaces en contact. De plus, l’applicabilité de FlexAID à la découverte de 
nouvelles molécules n’a jamais été démontrée efficacement. La méthode a été évaluée 
uniquement en prédiction du mode de liaison contre un ensemble restreint de complexes 
protéiques (11 cas rigides et 4 flexibles). À cette ère de la biologie structurale, plusieurs 
outils de détection de performance ont été développés permettant une comparaison 
standardisée des différentes méthodes en prédiction du mode de liaison et en 
enrichissement de composés actifs (Hartshorn et al., 2007; Irwin, 2008). Il serait intéressant 
d’évaluer la performance de FlexAID dans le contexte de biologie structurale d’aujourd’hui 
et de démontrer son applicabilité dans une réelle application de découverte de 
médicaments. 
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Problématique et hypothèse 
Lors de la liaison à un ligand, les protéines peuvent subir des changements structuraux 
mineurs impliquant un déplacement de chaînes latérales (Subramanian et al., 2006), 
majeurs impliquant un mouvement des domaines de la protéine (Rasmussen et al., 2011) ou 
voire même se replier (Dyson et Wright, 2005). Toutefois, encore aujourd’hui certains 
algorithmes d’arrimage moléculaire n’incluent pas la flexibilité protéique dans leur 
protocole dû à la difficulté de modéliser efficacement ces mouvements et à l’augmentation 
drastique et inévitable de l’espace de recherche à chaque degré de liberté additionnel (Ruiz-
Carmona et al., 2014). En plus d’assumer qu’une protéine peut être représentée comme une 
entité rigide, plusieurs de ces algorithmes utilisent une fonction de pointage qui a été 
calibrée uniquement à partir d’un nombre restreint de complexes sous la forme liée 
(Verdonk et al., 2003; Ruiz-Carmona et al., 2014). Ironiquement, mis à part quelques 
exceptions (Sutherland et al., 2007; Verdonk et al., 2008; Corbeil et Moitessier, 2009), la 
grande majorité des études évaluent la performance de ces logiciels en prédiction du mode 
de liaison contre un ensemble de protéines sous la forme liée (Repasky et al., 2012; Ruiz-
Carmona et al., 2014; Allen et al., 2015) et ne discutent pas de l’impact que pourrait avoir 
la flexibilité protéique sur la performance. Malgré que les études de criblage à haut débit 
incluent implicitement la problématique de la flexibilité protéique, il est primordial 
d’étudier cette flexibilité dans un contexte de prédiction du mode de liaison afin de mieux 
comprendre les divers biais qui pourraient être introduits par une méthode conférant une 
image statique à la protéine. 
 Afin de faciliter l’introduction de flexibilité protéique lors des simulations 
d’arrimage moléculaire, nous projetons restreindre l’espace de recherche associée aux 
mouvements protéiques, plus particulièrement aux déplacements de chaînes latérales, en 
procédant a priori à une étude fondamentale de ces mouvements. Il n’est toujours pas 
envisageable aujourd’hui d’inclure la flexibilité à l’ensemble des chaînes latérales d’un site 
de liaison donné. L’intégration des conclusions tirées de l’étude permettrait, dans un 
contexte d’arrimage moléculaire, de limiter la flexibilité à un nombre restreint de chaînes 
latérales en ciblant uniquement celles étant plus probables à se mouvoir. L’étude permettra 
ainsi de modéliser plus efficacement la flexibilité en couvrant une fraction limitée, mais 
pertinente de l’espace de recherche. 
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 Nous projetons développer la méthode d’arrimage moléculaire FlexAID en y 
intégrant une fonction de pointage de nature plus lisse tout en augmentant la performance 
de la méthode. Par le couplage à une méthode de recherche efficace, cette nouvelle fonction 
de pointage permettrait d’inclure implicitement, jusqu’à une certaine mesure, la flexibilité 
protéique et d’ainsi permettre à la méthode d’être moins sensible aux changements 
structuraux. Pour les mouvements de plus grande envergure ne pouvant être accommodés 
même par une fonction de pointage plus lisse, il serait essentiel d’y inclure la flexibilité des 
chaînes latérales en considérant les conclusions de l’étude fondamentale précédente. Par 
ailleurs, une grande proportion des méthodes d’arrimage moléculaire est difficilement 
accessible aux non-experts dans le domaine. Nous projetons développer FlexAID tout en 
préservant ses nombreuses simplifications au niveau de la représentation de manière à 
minimiser les étapes requises à l’arrimage et à rendre la méthode accessible à tous. Par le 
développement d’une interface graphique dans laquelle la plupart des étapes sont 
automatisées, l’utilisateur ne nécessiterait pas d’avoir des connaissances avancées en 
biologie computationnelle. 
Malgré les simplifications introduites lors du développement de la méthode, nous 
croyons que la méthode demeurerait applicable à la découverte de nouvelles petites 
molécules ayant un effet thérapeutique. En effet, la nouvelle méthode permettrait de prédire 
correctement le bon mode de liaison indépendamment de la structure initiale à l’étude. 
Nous désirons initialement bâtir les infrastructures nécessaires afin que la méthode soit 
applicable à large échelle pour ensuite valider la méthode dans de réelles applications de 
découverte de médicaments. 
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Objectifs 
Les objectifs suivants ont permis de résoudre partiellement la problématique du traitement 
de la flexibilité protéique en arrimage moléculaire dans le contexte de développement de la 
méthode FlexAID (objectifs #1 et #2), d'assurer son accessibilité par une simplicité 
d'utilisation (objectif #3) tout en démontrant une application de la méthode en découverte 
de médicaments (objectif #4). Les objectifs #1, #2 et #3 ont d'ailleurs fait l'objet de 
publications dans des revues scientifiques. 
 
Objectif #1 
Étudier la nature et la fréquence des déplacements de chaînes latérales suite à la liaison 
d’un ligand (Article 1 – Chapitre 2). 
 
Objectif #2 
Développer la méthode d’arrimage moléculaire FlexAID en y intégrant une nouvelle 
fonction de pointage plus lisse à la flexibilité protéique  (Article 2 – Chapitre 3). 
 
Objectif #3 
Développer une interface graphique pour FlexAID dans le but de rendre la méthode 
accessible au public (Article 3 – Chapitre 4). 
 
Objectif #4 
Démontrer l’applicabilité de FlexAID à la découverte de médicaments contre le système 
biologique de la Matriptase-2 (Chapitre 5). 
ARTICLE 1 
Side-chain rotamer changes upon ligand binding : common, crucial, correlate with 
entropy and rearrange hydrogen bonding 
 
Auteurs de l’article: Gaudreault, F., Chartier, M. et Najmanovich, R. 
 
Statut de l’article: Publié en 2012 dans l’édition spéciale ECCB’2012 dans 
Bioinformatics. 28 : i423–430; DOI: 10.1093/bioinformatics/bts395 
 
Avant-propos: J’ai effectué l’ensemble du travail expérimental comprenant la construction 
et le raffinement de la base de données, la génération et l’analyse des résultats ainsi que la 
création des figures. J’ai contribué majoritairement à la rédaction de toutes les sections de 
l’article avec l’aide de Matthieu Chartier et Rafael Najmanovich. 
 
Résumé: Lors de la liaison d’une petite molécule à une protéine, des changements 
conformationnels peuvent être observés. Ces changements peuvent inclure des mouvements 
de faible (déplacement de chaînes latérales localisées au site de liaison) et/ou de grande 
amplitude (déplacement de domaines entiers de la protéine). Nous avons procédé à une 
étude statistique à large échelle afin d’étudier la fréquence et la nature des mouvements de 
faible amplitude dans un but précis : comprendre l’étendue de ces mouvements pour ainsi 
augmenter la capacité de prédiction lors des simulations d’arrimage moléculaire. Nous 
avons bâti et utilisé une base de données non redondante comprenant des structures 
obtenues par cristallographie à rayons X représentant les formes liée et non liée d’une 
protéine afin de procéder à une étude statistique valable et de couvrir une fraction 
représentative de la biologie. En utilisant une approche rotamérique pour définir la 
flexibilité, nos résultats démontrent que les déplacements de chaînes latérales sont  
fréquents, car 90% des sites de liaison sont flexibles. De plus, nos résultats démontrent 
l’importance d’inclure la flexibilité protéique lors des simulations d’arrimage, car dans plus 
de 30% des sites de liaison flexibles, la forme non liée de la protéine ne pourrait pas 
accommoder le ligand au site de liaison dû aux encombrements stériques. Une étude sur la 
nature des déplacements nous a permis de conclure que ces déplacements sont 
principalement causés par une propriété intrinsèque des acides aminés, car nous observons 
une corrélation entre la probabilité de déplacement et la différence d’entropie 
configurationnelle. De plus, nos résultats démontrent qu’il est possible de discriminer les 
chaînes latérales flexibles en inspectant uniquement la structure non liée en se basant sur 
des données reliées à des contraintes chimiques ou physiques tels la surface accessible au 
solvant, les facteurs b ou la stabilisation via des ponts hydrogène. 
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Abstract 
Motivation: Protein movements form a continuum from large domain rearrangements 
(including folding and restructuring) to side-chain rotamer changes and small 
rearrangements. Understanding side-chain flexibility upon binding is important to 
understand molecular recognition events and predict ligand binding. 
Methods: In the present work we developed a well-curated non-redundant dataset of 188 
proteins in pairs of structures in the Apo (unbound) and Holo (bound) forms to study the 
extent and the factors that guide side-chain rotamer changes upon binding. 
Results: Our analysis shows that side-chain rotamer changes are widespread with only 10% 
of binding-sites displaying no conformational changes. Overall, at most five rotamer 
changes account for the observed movements in 90% of the cases. Furthermore, rotamer 
changes are essential in 32% of flexible binding-sites. The different amino acids have a 11-
fold difference in their probability to undergo changes. Side-chain flexibility represents an 
intrinsic property of amino acids as it correlates well with configurational entropy 
differences. Furthermore, on average b-factors and solvent accessible surface areas can 
discriminate flexible side-chains in the Apo form. Lastly, there is a rearrangement of the 
hydrogen-bonding network upon binding primarily with a loss of H-bonds with water 
molecules and a gain of H-bonds with protein residues for flexible residues. Interestingly, 
only 25% of side-chains capable of forming H-bonds do so with the ligand upon binding. In 
terms of drug design, this last result shows that there is a large number of potential 
interactions that may be exploited to modulate the specificity and sensitivity of inhibitors. 
Introduction 
Proteins bind small molecules as substrates, cofactors and allosteric regulators in order to 
perform essential cellular functions. As a consequence of induced fit (Koshland, 1958), 
conformational selection (Rubin and Changeux, 1966) or more likely a combination of both 
(Csermely et al., 2010), the ligand-bound protein may display a wide gamut of structural 
changes. These changes can range from large movements of entire domains to small side-
chain rearrangements in the binding-site. 
It is widely accepted that flexibility is essential for protein function (Chothia et al., 1983; 
Lesk and Chothia, 1984). Studying dynamic aspects of protein structure using NMR 
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spectroscopy for example is still sufficiently costly and time consuming as to prevent its 
use in the same scale as X-ray crystallography. X-ray crystallography produces a ‘snapshot’ 
of a protein that offers little information on dynamic aspects of structure. However, it is 
possible to compare different ‘snapshots’ to infer dynamic properties of the protein. For 
example, one can compare two structures of the same protein crystalized in different 
conditions, say in the bound (Holo) and unbound (Apo) forms. While this type of 
comparison is neutral with respect to the mechanism of binding (induced-fit or 
conformational selection), it makes possible, given the amount of available data, to perform 
statistically significant large scale studies of conformational changes associated to ligand 
binding. 
Understanding the factors that affect protein flexibility has important practical 
applications, as efforts in trying to simulate flexibility (even restricted to side-chain 
movements) have been limited so far by the drastic increase in the size of the associated 
conformational search space. For example, docking algorithms are an example in which the 
flexibility of the protein can have a drastic impact on the results. As such, any knowledge 
that can be applied to decrease in a sensible way the size of the search space is 
advantageous. 
Our earlier study (Najmanovich et al., 2000), among the first statistical studies of side-
chain flexibility upon ligand binding, uncovered general features regarding side-chain 
rearrangements. We used a dataset of paired X-ray structures of the same protein in bound 
and unbound forms comprising 353 complexes representing 153 different proteins. We 
employed a 60° dihedral angle difference threshold to denote the occurrence of 
conformational changes. Using this definition, we showed that up to three flexible residues 
account for the conformational changes observed in 85% of all binding-sites studied and 
that different amino acid types have different probabilities to be observed in 
conformationally different states upon binding.  
More recently, a study revisited the question of side-chain flexibility upon binding 
measuring Cartesian coordinate differences (Gutteridge and Thornton, 2005) using an 
ensemble of 60 complexes. The authors measured Root Mean Square Differences (RMSD) 
of Cartesian coordinates between atoms in the Apo form and those in the Holo form bound 
to all ligands necessary for the reaction at hand. For example, if an enzyme requires a 
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cofactor or multiple substrates, the Holo form used for comparisons was that containing all 
such ligands present. The authors calculated the RMSD between: 1. All atoms in the 
superimposed structures. 2. Atoms belonging to residues that bind the ligands or 3. Those 
implicated in catalysis. As a control, the authors calculated the RMSD between pairs of 
different Apo form structures of the same proteins. On the basis of histograms of such 
RMSD distributions, the authors conclude that conformational changes on substrate binding 
can be quite subtle (RMSD < 1Å) and that such movements are of the same magnitude as 
those observed between Apo forms. As recognized by the authors, the RMSD is a 
problematic quantity when detecting local movements, as the RMSD is a global quantity 
that measures an average over all residues/atoms considered. For the same reason, RMSD 
distributions for sets containing largely different numbers of atoms should not be compared 
(such as binding site and catalytic site residue sets). Interestingly, the authors suggest that 
catalytic residues are more rigid than binding-site (non-catalytic) residues. However, the 
use of the global RMSD as a measure of flexibility makes it difficult to judge the extent of 
local movements taking place. 
Using an indirect approach, a study explored side-chain movements upon binding using 
success in flexible docking simulations to evaluate the extent of movements required upon 
binding to accommodate ligands within 2.5Å of the observed crystallographic solution 
(Zavodszky and Kuhn, 2005). On the basis of the docking results obtained using a dataset 
of 63 complexes representing 20 different proteins, the authors proposed the minimal 
rotation hypothesis. This hypothesis states that protein side-chains move as little as 
necessary in order to accommodate ligand binding, i.e. involving mostly modest changes of 
less than 15°.  Two caveats in this study may limit the extent of their conclusions. First, the 
small number of unique proteins studied.  Second, and perhaps more important, the fact that 
the authors use success in detecting a docked conformation of the ligand (in the presence of 
side-chain flexibility) within 2.5Å of the crystallographic solution as a measure of the 
importance of flexibility upon binding. It is unclear if dihedral angle changes of less than 
15° would suffice to accommodate the ligands in their precise experimentally observed 
positions with less permissive RMSD than the 2.5Å used. Therefore, while the minimal 
rotation hypothesis may be a useful approximation in docking simulations if validated in a 
larger dataset, it still remains to be seen if it is applicable to explain side-chain flexibility 
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upon binding. 
In our earlier study (Najmanovich et al., 2000) was based on dihedral angle differences. 
However, such a measurement is in fact a surrogate measure, a more direct measurement of 
side-chain conformational changes that is more properly anchored on thermodynamic 
principles is required to measure the extent with which true side-chain conformational 
changes are observed as a result of ligand binding. This is particularly important in light of 
the results of the papers discussed above (Gutteridge and Thornton, 2005; Zavodszky and 
Kuhn, 2005) suggesting that small scale changes are sufficient to account for side-chain 
flexibility in ligand binding. 
Side-chain rotamers are defined as particular combination of side-chain dihedral angle 
ranges. Average dihedral angle combinations of frequently observed conformations 
represent energetically favorable states. The classification of side-chains into rotamers 
using side-chain rotamer libraries (Dunbrack and Cohen, 1997) makes it possible to 
determine the extent of side-chain conformational transitions between energetically distinct 
states as a result of ligand binding. Such libraries also tabulate the probability with which 
different rotamers are observed. Therefore, in principle rotamer libraries can also help 
decrease conformational search space with the use of rotamers as representative 
conformations of energetically favorable states. 
The amino acids observed in any particular protein binding-site are the result of natural 
selection fulfilling a myriad of constraints. These include structural constraints in terms of 
the geometry of the binding-site and particularly of catalytic residues as well as physico-
chemical constraints related to binding. The evolutionary selection of binding-site amino 
acids involved in binding is due in part also to the flexibility of side-chains as it impacts the 
specificity with respect to the natural (cognate) ligands as well as the selectivity of the 
binding-site in terms of preventing the binding of competing ligands within the cellular 
milieu (Najmanovich et al., 2008). Therefore, the conformational changes observed when 
studying the binding of non-cognate ligands might not necessarily be equivalent to those 
seen with cognate ligands. Therefore, in order to draw conclusions about the extent of side-
chain flexibility upon binding one has to restrict the analysis to proteins bound to cognate 
or near cognate ligands. As protein ligand complexes present in the protein databank 
(Berman et al., 2007; 2000) contain both cognate and non-cognate ligands, it is important 
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to consider this factor when selecting a dataset (Bashton et al., 2007). None of the previous 
studies mentioned above, with the exception to some extent of the work by Gutteridge et al. 
take this factor in consideration. 
In order to clarify the extent of side-chain flexibility observed upon ligand binding in it is 
necessary to perform an analysis using a non-redundant dataset of protein cognate-ligand 
pairs as large as possible to increase the statistical significance of the results. Such an 
analysis must also be based on the detection of side-chain rotamer transitions as a way to 
assure that observed conformational changes involve the transition across energetic 
barriers. 
In the current study, we built a curated non-redundant dataset of pairs of X-ray protein 
structures, representing the cognate-ligand bound (Holo) and unbound (Apo) forms of the 
same protein, in order to study multiple aspects of side-chain flexibility upon ligand 
binding. The curation involves the filtering or correction of potential factors (such as the 
assignment of atoms during refinement) affecting the quality of the structures. The steps 
involved in creating a non-redundant dataset assure that our conclusions are not biased by 
over-representation of particular proteins or small samples. The non-redundant dataset 
created as part of this work could be used as a docking benchmark dataset particularly 
when the effect of side-chain flexibility needs to be taken in consideration in the analysis of 
the performance of docking algorithms. 
We study many aspects of side-chain flexibility by addressing the following questions: 1. 
What fraction of binding-sites undergoes change upon binding? 2. To what extent are these 
movements critical for binding? 3. How flexible are the individual amino acid side-chains? 
And 4. Is the observed flexibility of side-chains characteristic of the binding-site 
environment or reflect intrinsic properties of the amino acids? 
Methods 
Definition of database entries 
In this study we only use X-ray protein structures from the PDB release of October 2010. 
Since lower resolution structures (above 3.0Å resolution) raise the level of uncertainty in 
the assignment of side-chain conformations, only structures with resolution better or equal 
to 2.50Å are used for this study.  
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An entry in the database consists of a pair of structures of a given protein and a particular 
ligand that is bound to one of the structures, the Holo form for that ligand, whilst the 
second protein structure of the same protein represents the Apo form with respect to that 
ligand. The sequences of the Holo and Apo forms must be identical (100% sequence 
identity) over at least 80% of the length of either (overlap). This criteria allows us to detect 
different structures of the same protein in cases where there are small differences in the N 
and C termini of the proteins, such as when a particular domain of a multi-domain protein 
is cloned separately and different groups may choose slightly different domain boundaries 
or the presence of His-tags or other sequences required for purification. 
Our objective in the present study is to observe side-chain conformational changes 
associated to ligand binding. To maximize the chances that the binding ligand is the only 
factor affecting the observed side-chain conformational changes, in the present study we 
restrict our analysis to pairs of structures which differ by the presence of one ligand and 
thus are defined as Apo and Holo forms for that ligand. The Apo and Holo forms may be 
bound to other ligands, as long as such ligands are present in both structures and make the 
equivalent contacts with the protein. Specifically, we remove cases where such extra 
ligands have more than 10 different contacts in the Apo and Holo forms. 
One problem when working with X-ray structures is that sometimes one or more atoms or 
entire residues could not be resolved due to uncertainty of atom positioning caused by high 
movements in the crystal. PDB entries missing any binding-site side-chain atoms were 
removed. 
Correction of atom assignments 
We filter the dataset to distinguish certain potential artifacts in the assignment of atoms 
during refinement. The assignment of Nitrogen and Oxygen atoms in electron-density maps 
is very challenging due their similarities. In many cases it is not possible except at 
extremely high resolution or when surrounding atoms help distinguish hydrogen bond 
donor and acceptor N or O containing groups. When the two atoms cannot be 
distinguished, the outermost dihedral angle may be uncertain by 180° in the cases of Asn 
and Gln. An analysis of a dataset of highly resolved structures showed that Asn and Gln 
amides needed to be flipped in 20% of cases (Word et al., 1999). In the context of studying 
side-chain rearrangements with rotamers that have predefined dihedral angles, erroneous 
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atom assignments may lead to errors in the measurement of the frequency of side-chain 
rotamer changes. While high-resolution structures (around 1Å) are unlikely to contain 
miss-assignments, it would impossible to generate a dataset sufficiently large to derive 
statistically significant conclusions. In the present work we ensure atoms are correctly 
assigned and correct assignments when necessary. 
Correcting erroneous atom assignments requires the analysis of hydrogen bonding 
interactions. We do so by using the program REDUCE which adds hydrogen atoms in 
standard geometry in order to satisfy physico-chemical constraints (Word et al., 1999). In 
agreement with the previous study, approximately one fifth of binding-site residues (17% 
for Asn, 16% for His and 20% for Gln) required a flip in order to avoid the amide clashing 
with neighboring atoms (Word et al., 1999). Moreover, we remove hydrogen atoms from 
phosphates and carboxylic groups, as they are more likely to be deprotonated in 
physiological conditions. In the case of ligands, the HET dictionary provided by the PDB is 
used to retrieve connectivity information. 
Selection of ligands and definition of binding-sites 
For simplicity, our analysis is restricted to ligands that appear as HETATM in PDB records 
and otherwise excludes nucleic acids or peptides as the focus of this study lies on the 
interactions between small molecules and proteins. Furthermore, as we are interested in 
specific interactions of cognate ligands with binding-sites that evolved to bind such 
molecules, the most common molecules found in crystallization buffers are also excluded 
from our analysis. Such molecules do not play any role in protein function in the vast 
majority of cases and comprise sulphates (SO4), phosphates (PO4), glycerol (GOL), 
ammonium (NH4), citric acid (CIT), (4s)-2-methyl-2,4-pentanediol (MPD), 2-amino-2-
hydroxymethyl-propane-1,3-diol (TRS) and 2-(N-morpholino)-ethanesulphonic acid acid 
(MES). While water molecules do play a major role in catalysis, their implication in 
binding has been studied in detail elsewhere (Levy and Onuchic, 2006; Barillari et al., 
2007) and are not considered as ligands in the present work. Finally, covalently bound 
ligands are discarded, as we are interested exclusively in side-chain movements upon 
binding as a result of non-bonded interactions. 
A few filters are applied to decrease the number of cases involving non-specific binding 
such as imposing a minimum number of ligand-protein contacts and number atoms in the 
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ligand. The reason for the latter is that very small ligands (5 atoms or less) only make a few 
key interactions with the protein and can bind non-specifically. Moreover, one issue when 
working with PDB files is that they contain the coordinates of the asymmetric unit, which 
does not necessarily represent the biological unit of the protein. To circumvent this 
potential source of errors when using asymmetric units, we only retain ligands that are 
buried into a protein cleft belonging to a single polypeptidic chain. The fraction of ligand 
area in contact Fc=SASb/SASf is used as index of buriedness, in which we compare the 
solvent accessible surface (SAS) of the free ligand (SASf) to the bound ligand form (SASb) 
in the same ligand conformation. The minimum allowed fraction of ligand area in contact is 
0.70. 
The binding pocket is defined as the set of residues with at least one atom with surface 
area in contact with an atom of the ligand. Surfaces in contact between atoms as well as 
SAS are calculated using a Voronoi Polyhedra (VCT) analytical algorithm (McConkey et 
al., 2002) using standard van der Waals radii used for the protein and the ligand atoms as 
described elsewhere (Tsai et al., 1999). To ensure ligands are specifically bound to the 
protein, ligands must contain a minimum of five non-hydrogen atoms and to be in contact 
with at least five residues in the protein. 
Generating non-redundant subsets 
Using the filters and parameters described in the preceding paragraphs we obtain a 
redundant dataset that we call the PRIMARY (PRI) database. Non-redundant subsets are 
derived from the PRI dataset. 
Our objective in developing non-redundant datasets is that every ligand and protein 
domain combination is represented equally. To do so, ligands are associated to a Pfam 
domain (Punta et al., 2011) based on the protein domains with which they interact using the 
PROCOGNATE v.1.6 database (Bashton et al., 2007). In cases where domain assignments 
for a given complex are not available in PROCOGNATE, a domain is manually assigned 
by searching the protein sequence using Hidden Markov Models (HMM) against the HMM 
Pfam library A using HMMer (Finn et al., 2011). Similar to PROCOGNATE, if at least 
75% of the total number of contacts of a molecule occur with atoms belonging to a 
particular Pfam domain, its binding is assigned to that domain. In cases where a molecule 
has contacts with multiple domains and none has at least 75% of the total contacts, all 
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domains in contact are assigned, leading to multiple entries. The first non-redundant dataset 
is called PFAM and contains one entry for each different ligand/Pfam domain combination. 
Different entries could be chosen as a representative for a given ligand/Pfam domain 
combination. For example, two different human protein kinases bound to ATP and 
compared to their respective Apo forms could be present in the PRI dataset. In the PFAM 
dataset, only one representative is retained. The representative Pfam/ligand combination is 
chosen according to the largest fraction of ligand area in contact (Rc). 
One problem with the non-redundant PFAM dataset is that the same or different proteins 
representing the same Pfam domain and bound to different ligands appear as different 
entries in the database. To remove this source of redundancy with respect to protein 
sequences, a more stringent dataset called SEQ was derived from the PFAM dataset. In the 
SEQ dataset, only entries with protein sequence identity below 50% for a given Pfam 
domain are retained. As before, the choice between different entries is made based on Rc. 
Suppl. Fig. 1 shows the relationship between the PFAM and SEQ datasets. In this case, one 
is ultimately loosing some bona fide entries by choosing a representative entry among 
many containing different ligands. 
Side-chain rearrangement analysis 
Throughout this study, the Penultimate backbone-independent rotamer library is used as 
reference for rotamer assignment (Lovell et al., 2000).  We use similar filters as the 
Penultimate backbone-independent rotamer library to filter out low quality non-rotameric 
(NR) side-chain conformations. Namely, we eliminate NR side-chains with any heavy atom 
having either an absolute B-factor > 40, an occupancy < 1.0 or containing an alternative 
conformation. 
We use a rotamer based-approach assuming that residues observed in different rotameric 
states point to conformational states separated by energetic barriers. Residues observed in 
different rotameric states in the Apo and Holo forms are referred as flexible throughout, or 
rigid otherwise. Rotamers are defined as a combination of dihedral angles. We calculate for 
each rotatable bond i, the dihedral angles (referred as χi throughout), using the same 
definition of atom names and χ angles as the one used by Lovell et al. A rotamer of residue 
type R (RROT) from the Penultimate rotamer library is assigned to each binding-site residue 
(RBPK), by comparing RBPK χi to the corresponding RROT χi. A rotamer is excluded when 
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RBPK χi is not within the range RROT χi ± 30° (unless a specific range is defined for the 
particular rotamer in the library). After excluding all rotamers that are not applicable, the 
remaining rotamer is the one to be assigned. In cases where all rotamers are excluded, the 
side-chain is assigned as non-rotameric. Cases for which the bound and unbound rotamers 
are assigned to NR are removed, as it is difficult to judge if the potential side-chain 
movements represent energetically separate states. 
The probability of a residue type i to undergo side-chain conformational changes upon 
ligand binding (Pi) is calculated as previously described (Najmanovich et al., 2000) as 
follows: 
  (Eq. 1) 
where NRi is the total number of cases in which the rotamers differ and NTi is the total 
number of residues of type i in all binding sites. The second term is the error estimation 
involved in the measurement. 
In some cases, the binding of a ligand can lead to major conformational changes, resulting 
in significant different protein conformations. In order to simplify our analysis, we choose 
to limit our study to cases where the average backbone displacement of the binding-site is 
below 2.50Å (RMSD). While this threshold may seem a bit permissive, we find that such a 
threshold offers an acceptable balance as a more stringent threshold leads to a significant 
loss of data. 
Physical constraints analysis 
Steric clashes are quantified using a potential (WALL) after superimposition of the Holo 
and Apo structures. This allows us to judge if the Holo ligand pose would be acceptable in 
the Apo form (referred as Apo-bound throughput) in spite of side-chain rotameric changes. 
The potential is described as the following:  
   (Eq. 2) 
where Kwall is a penalty constant of value 106; i is the Nth ligand atom; j the Mth protein 
atom; rij the distance between atoms i and j; ri and rj the van der Waals radii. The greater 
the potential is, the more clashes there are. The potential is similar to that previously 
described by (Sobolev et al., 1996), developed to prevent steric clashes in docking 
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simulations. We calculate the differences in WALL term from the Holo to Apo forms. A 
threshold value is empirically set upon visual inspection of Apo-bound forms to a value of 
150 for all ligand-protein contacts, above which the ligand pose in the Apo form is no 
longer acceptable. This positive value accounts for slight inaccuracies in the radii of ligand 
atoms. A threshold of 25 is used when considering steric clashes for individual side-chain 
atoms. 
Hydrogen bonding network analysis 
Hydrogen bonding is a directional interaction in which an acceptor ‘A’ shares electrons 
with an hydrogen bound to a donor ‘D’ (commonly referred as D-H…A). In this study, 
only strong hydrogen bonding with side-chains are considered, i.e. cases where both donor 
and acceptor are Oxygen or Nitrogen atoms. Thus, in our study, only the following residues 
are considered: Arg, Asn, Asp, Gln, Glu, His, Lys, Ser, Trp and Tyr. Considering the 
prevalence of multifurcation in hydrogen bonding (Sarkhel and Desiraju, 2004), the 
geometric criteria for their detection is set as dH…A ≤ 2.7Å (as long as atoms were not 
clashing: dH…A ≥ 1.5Å) and ΘD-H…A ≥ 90°. We calculate the number of H-bonds formed 
between binding-site side-chains and the following 3 entities: water, ligand and protein. 
The difference of H-bonds between the unbound and bound forms is expressed as 
conserved, gain or loss. Conserved denotes that the total number of H-bonds formed with 
an entity remains the same after binding whereas a gain denotes new H-bonds are formed 
after binding. If a residue does not have any H-bond in both forms, it is assigned as 
conserved. As hydrogen atoms are not explicitly added to water, those acting as donors 
were treated as if they could always present a hydrogen atom in optimal geometric position. 
Results and Discussion 
In this study, we generated a database that consists of pairs of identical proteins in Holo 
(bound to a ligand) and Apo (unbound to the ligand) forms to analyze side-chain flexibility 
upon ligand binding. Our objective is to develop a dataset where, as much as possible, the 
only factor that influences flexibility is the binding of the ligand in question. The PRI 
database is the largest dataset that meets our criteria and contains 1812 entries. The 
database comprises 1270 different crystallographic structures (average resolution of 1.93Å) 
defining 163 protein families and 1110 different ligands (Suppl. Table I). For the purposes 
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statistical analyses, the PRI database is redundant. For example, several proteins were 
crystallized multiple times under similar experimental conditions. Furthermore, the same 
PDB might be considered as Holo for a given ligand but as Apo for another ligand. 
Two non-redundant subsets (PFAM and SEQ) were generated from PRI. In PFAM, each 
ligand is uniquely bound to a protein domain (Suppl. Fig. 1), in other words one entry per 
domain-ligand combination. The same domain can bind different ligands in the PFAM 
dataset, which can result in different binding-site conformations. This subset contains 631 
entries defining 884 structures bound to 631 different ligands. The PFAM subset still 
contains a bias towards particular families of proteins that are over represented in this 
dataset such as protein kinases (Pfam PF00069) and trypsin (Pfam PF00089) domains, with 
143 and 61 cases respectively, that were crystallized multiple times with distinct ligands. 
The more restrictive SEQ subset (with 188 entries) removes this bias allowing only one 
representative for each group of sequences with up to 50% sequence identity belonging to 
the same Pfam domain. Thus, a protein could appear multiple times in the subset as a result 
of convergent evolution or if the family diverged sufficiently as to be classified into 
different Pfam families. For example the PFAM subset only contains 7 protein kinase 
structures, representing kinases with less than 50% sequence similarity. Statistics for the 
SEQ subset are shown in Suppl. Table II. Throughout the study, the SEQ subset is used.  
The list of entries, residues analyzed as well as supplementary data are available at: 
http://bcb.med.usherbrooke.ca/hap2db. 
Side-chain rotamer changes are common 
We calculated the fraction of binding pockets undergoing side-chain conformational 
changes. Residues undergoing changes in binding-sites are calculated using a rotamer-
based approach as well as the Δχ threshold of 60° employed in our previous study 
(Najmanovich et al., 2000). The Poisson-like distribution obtained (Fig. 1) shows that most 
binding sites undergo only one rearrangement using the Δχ threshold method and 1 or 2 
rearrangements using the rotamer based method. This result differs from the asymptotically 
decreasing distribution observed in our previous study (Najmanovich et al., 2000) in which 
the most common case was that of binding sites with no rearrangements between the bound 
and unbound forms. There is a significant decrease (2-fold) in the proportion of binding-
sites where no rearrangements are observed (denoted as rigid henceforth) from what was 
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previously shown. This is particularly interesting, as our methodology in which side-chains 
with very large amplitudes of movements were excluded from the dataset, would shift the 
distribution towards the left-hand side (Suppl. Fig. 2). Therefore, the smaller fraction of 
rigid binding sites compared to the previous study can be explained by the more stringent 
constraints used to build the dataset in the current study. 
 
Fig. 1. Distribution of the number of residues undergoing conformational changes in 
binding-sites. Nearly 88% of binding-sites contain at least one side-chain undergoing 
rotamer conformational change (orange). At most five side-chains undergo conformational 
change in in approximately 90% of binding-sites (inset). Green bars/triangles show the 
results obtained using and angular difference threshold of 60° as the criteria for the 
occurrence of conformational changes. 
 
Our previous study looked at each χi individually using different threshold dihedral angle 
values of 45°, 60° and 75°, and noticed that side-chain rearrangements are largely 
insensitive to variation in the threshold. Using the present dataset we observe a shift in the 
distributions using higher thresholds (Suppl. Figs. 3-4). The use of Δχ thresholds is based 
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on the assumption that large angular differences generally indicate structures belonging to 
different rotamers. However the use of ad hoc thresholds could overestimate side-chain 
rearrangements when the Δχ threshold is too low or underestimate the rearrangements when 
the threshold is too high.  
The rotamer-based approach used in the present study is more appropriate as each residue 
has its own rotamer classification that renders unnecessary the use of ad hoc error-prone 
thresholds. We account in part for the effect of intrinsic disorder in flexibility when using 
rotamers as the definition of rotamers consider variations in dihedral angle values.  
Overall, our results show that ~12% of binding-sites do not change conformation upon 
ligand binding. In other words, in ~88% of the cases, at least one residue undergo changes 
which shows the large amount of flexibility that occurs upon ligand binding. Thus, our 
results show that a significant amount of flexibility occurs upon ligand binding when 
considering rotamer changes as opposed to RMSD values (Gutteridge and Thornton, 2005). 
Furthermore, such widespread rotamer transitions represent changes between energetically 
separate states, thus placing doubt over the validity of the minimal rotation hypothesis 
outside the context of docking simulations and the small dataset upon which it was 
developed (Zavodszky and Kuhn, 2005). While it would be desirable to set all residues as 
flexible when predicting the structure of protein it is impractical from a computational point 
of view considering the exponential increase in size of the search space. However, 
considering at most 5 side-chains as flexible account for all side-chain rotamer changes in 
approximately ~90% of binding-sites (inset Fig. 1). Therefore, the introduction of side-
chain flexibility on a limited number of binding-site residues can be seen as a realistic 
simplification.  
Side-chain flexibility is crucial for binding 
Steric constraints 
We investigated the role of side-chain flexibility from a steric point-of-view using the 
WALL potential (Eq. 2) in order to understand to what extent side-chain conformational 
changes are essential to accommodate the ligand in the binding-site. To do so we 
superimpose the Apo and Holo forms and transplant the ligand to the Apo form, what we 
call Apo-bound form. We calculate the WALL difference between Apo-bound and Holo 
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forms for all binding sites in the SEQ database (Fig. 2).  
As expected, in the subset of binding-sites in which no rotamer changes were observed, 
the Apo bound and Holo forms show no significant differences in their steric potential for 
rigid binding sites. Overall, in 32% of flexible cases (28% of all binding-sites), side-chain 
rearrangements are required to accommodate the ligand and to avoid steric clashes. In the 
context of molecular docking, these results demonstrate the importance of considering side-
chain flexibility and define a natural threshold for the accuracy of rigid docking algorithms 
tested on an unbiased non-redundant dataset. 
Fig. 2. Differences in steric potential (WALL) between Apo-bound and Holo forms. 
Positive values represent cases where the Apo-bound form is less sterically favorable than 
the Holo. For clarity purposes, we cap the minimum to -50 and maximum to 250. The 
empirical threshold value (dashed line) was selected upon visual inspection of all cases in 
its vicinity. 
 
The minimal rotation hypothesis 
The rigid binding site in Fig. 2 in which there are severe clashes (the rightmost case in 
green) is that of Lectin bound to N-Acetyl-Glucosamine (Suppl. Fig. 5). In this case, the 
residue that contributes the most to the WALL term is at 2.0Å in the Apo-bound form but 
and moves just enough (0.7Å) to avoid clashing with ligand atoms in the Holo structure. 
However, this small change is brought about by a small rotation that does not represent a 
rotamer change. When looking at the residue responsible for the most severe clashes in the 
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Apo-bound form (Suppl. Fig. 6), we observe 170 residues with critical steric clashes. Of 
these, 54 undergo a rotamer change (out of 472 that undergo rotamer change) and 116 have 
changes insufficient to classify as a different rotamer (out of 1923 that remain rigid). 
Overall, only in 37 critical cases (2 flexible and 35 rigid side-chains) a dihedral angle 
change of less than 15° is responsible for the change, in agreement with the minimal 
rotation hypothesis (Zavodszky and Kuhn, 2005) distributed among 34 binding-sites (out of 
188). Therefore, the minimal rotation hypothesis is valid in 21.7% of residues critical for 
binding (whereas ours is in 31.8%) corresponding to 18% of binding-sites. The previous 
results illustrate the problematic of introducing side-chain flexibility. 
Flexibility is correlated with entropy differences 
In this section we discuss particular aspects of side-chain flexibility for the different side-
chains. A total of 2395 residues were considered for the statistical analysis with an average 
of 141 per residue. Cys has the lowest number of observations with 42, and Leu the highest 
with 234. Gly and Ala are not considered since they do not have any dihedral bonds as well 
as Pro, because movement of its side-chain inevitably causes backbone movements. Cys 
residues participating in disulfide bonds are also excluded as their conformations are 
constrained. A detailed list of the residues is accessible at our website.  
We show in Fig. 3 the probability with which each residue undergoes changes 
(probabilities are listed in Suppl. Table III). In general, the probability of a residue to 
undergo rotamer change upon binding increases with the number of flexible bonds (in 
parenthesis) in the following order: Lys(4) > Arg(4), Gln(3), Met(3) > Asn(2) > Asp(2), 
Phe(2), Ser(1), Tyr(2), Glu(3) > Ile(2), His(2), Leu(2) > Trp(2) > Val(1), Thr(1), Cys(1). 
There is a 11-fold difference between the probabilities of Cys and Lys. The flexibility scale 
correlates with that in our previous study (Najmanovich et al., 2000) despite the 
methodological differences between the two studies and the differences in the procedure 
used to create a non-redundant dataset.  
Lee et al. (Lee et al., 1994) estimated changes of side-chain conformational entropy (∆S) 
in folding/binding for the different amino acids placed at the center of a nine residue α-
helix. The probability profiles they calculated agree with the frequencies of occurrence of 
the different side-chain rotamers. The ∆S of Lee et al. correlates well with our flexibility 
scale (R-value is 0.72) apart from a few disparities (Fig. 3, inset). The result suggests that 
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flexibility is an intrinsic property of amino acids. The little noise observed allows us to 
strengthen the validity of the flexibility scale. It also suggests that the closer distance 
between side-chains within binding-sites (due to its concavity) does not have a major effect 
on the entropy of amino acids (as ∆S values were calculated with residues in the surface of 
an exposed α-helix). Therefore, binding-site residues and residues exposed in the protein 
surface should behave similarly with respect to flexibility. The disparities observed in this 
correlation could be explained by the contribution of other factors such as local interactions 
or those with the ligand. 
 
Fig. 3. Side-chain flexibility upon binding. The probabilities to undergo rotamer change 
for different amino acids are shown according to amino acid types. The probability scale 
correlates with entropy differences (inset). 
 
As flexibility correlates with entropy differences, it is interesting to see if there are 
differences between flexible and rigid residues with respect to quantities related to 
geometric constraints. In particular, b-factors and solvent accessible surface (SAS) areas. 
We observe greater SAS and b-factors for flexible residues (Fig. 4). These differences 
suggest that it should be possible to identify flexible residues in the Apo form. 
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Fig. 4. B-factor and SAS analysis in the unbound form. In upper part, the freedom of 
movement in the unbound form is quantified using b-factors whereas the lower part 
represents the normalized solvent accessible surface areas (SAS). Rigid (blue) and flexible 
(green) residues are compared. Residues are ordered in respect to the flexibility scale. 
Student t-tests are used for statistical significance. 
 
It was previously suggested that ligand binding induces non-rotameric conformations for 
some amino acid types (Heringa and Argos, 1999). In our dataset we do not detect any 
pronounced differences in the number residues in non-rotameric conformations between 
Holo and Apo forms with 127 versus 104 cases (out of 2395 residues). Lastly, it was 
observed that side-chains with unfavorable conformations are more mobile than rotameric 
ones (Carugo and Argos, 1997). Assuming that all side-chains observed in NR 
conformation in the Apo form underwent considerable movements upon binding, we can 
place an upper bound on the number of residues in NR conformations undergoing large 
rotations and compare to the number of residues in rotameric states undergoing equally 
large rotations. We observe 375 NR conformations in the Apo form (an overestimation 
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considering the assumption of movement between NR conformations) compared to 368 
rotameric conformations that undergo rotamer change (to another rotamer or an NR 
conformation). While we do not make a distinction according to amino acid types, we do 
not observe that NR conformations are more mobile than rotameric ones. 
Hydrogen bonding network 
We are also interested to understand how enthalpic factors may affect flexibility. We focus 
on hydrogen bonds (H-bonds) as this is one of the most important ligand-protein specific 
interactions. For simplicity, we focus only on the number of H-bonds conserved, gained or 
lost upon binding and not on a detailed case-specific analysis of rearrangements of the H-
bond network that occurs upon binding. This is because we do not have any information on 
the pathway (within the H-bond network) or dynamic aspects of such changes for each 
enzyme as we only use X-ray structures representing the initial and final states of the 
binding process. Therefore, any cases where the rearrangement of the H-bond network does 
not change the total number of H-bonds that occur involving protein and water atoms upon 
introduction of the ligand cannot be detected. 
In order to understand the contribution of H-bonding flexibility, we calculated the average 
number of H-bonds formed with the protein and water molecules. We notice that for His, 
Arg, Lys, Ser and Thr, they participate in more H-bonds when they are rigid (Suppl. Fig. 
7). For the remaining residues, we do not observe a statistically significant difference 
between flexible and rigid. This shows that upon binding of a ligand, the H-bonding 
interactions are easily broken. Glu has a lower probability of moving than expected 
considering its number of flexible bonds. This may be due to the fact that acidic residues 
have a high tendency to participate in H-bonding (Suppl. Fig. 7). 
While there are small differences on the pattern of H-bonds conserved, gained or lost with 
water molecules for different amino acid types (Suppl. Figs. 8A-B), the overall rates are 
essentially indistinguishable between flexible and rigid side-chains (left bars Fig. 5). 
Approximately 35% of residues lost H-bonds with water, as expected considering that 
water molecules within the cleft must be displaced during binding, while others may be 
necessary for enzyme reaction (Okada et al., 2002; Stillman et al., 1993). Interestingly, 
only around 15% of residues gain H-bonds with water.  
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Fig. 5. Rearrangement of the Hydrogen bonding network. We plot the proportion of 
residues that conserve the number, gain or loose H-bonds with either water molecules, 
protein or ligand atoms. We observe a 36% decrease in the number of H-bonds between 
binding-site residues and water molecules with a concomitant increase of the number of H-
bonds for with protein atoms for flexible residues (center left), likely formed with rigid 
residues as these conserve the number of H-bonds in 80% (center right) of cases. 
Interestingly, approximately 75% of residues that could form H-bonds with the ligand upon 
binding do not fulfill these interactions (right-hand bars). 
 
We also compare the number of H-bonds formed within the protein (center bars Fig. 5 and 
Suppl. Fig. 8C-D). Rigid residues maintain the number H-bonds in 80% of cases compared 
to 60% for flexible residues. This result supports our rotamer-based approach in the sense 
that residues that did not significantly move (rigid residues) are less prone to create or lose 
H-bonds than flexible residues. On the other hand, flexible residues have a slightly higher 
H-bond gain than loss. This result raises the possibility that flexible residues are replacing 
H-bonds with rigid residues that occurred before binding with water molecules. We also 
analyzed the number of H-bonds between the protein and the ligand for flexible and rigid 
residues. We notice a slight increase in forming H-bonds with the ligand for flexible 
residues (28% over 22% for rigid) when residues initially form H-bonds with the protein 
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(Suppl. Table IV). Interestingly, three quarters of the residues that participate (or can 
participate) in H-bonds do not create H-bonds with the ligand (right bars Fig. 5 and Suppl. 
Figs. 8E-F). As such, there is a vast untapped well of potential interactions occurring 
unfulfilled or fulfilled with protein atoms and or water molecules that could be exploited in 
terms of creating new interactions with for example an inhibitor. 
Conclusions 
In this study we show side-chain rotamer changes upon binding are widespread occurring 
in nearly 90% of binding-sites studied. Moreover, in 32% of flexible cases (28% overall), 
steric clashes would prevent ligand binding in the absence of movements. In the context of 
molecular docking, one may not succeed in finding the right solution in a large fraction of 
cases if the protein is not allowed to be flexible. At the same time, it is feasible to introduce 
side-chain flexibility on a limited number of residues as our results show that 5 flexible 
side-chains account for 90% of the observed cases. Overall, we studied 2395 side-chains. 
Of these, 472 undergo side-chain rotamer changes or approximately 20% of all residues. 
We detected 170 residues whose movements are critical for binding. Among these, 37 
undergo dihedral angle rotations of 15° or less distributed among 34 binding sites (18% of 
all binding-sites). Zavodsky and Kuhn state that "Most side chains do not shift to a new 
rotamer, and small motions are both necessary and sufficient to predict the correct binding 
orientation and most protein–ligand interactions for the 20 proteins analyzed" (Zavodszky 
and Kuhn, 2005). In our dataset, the minimal rotation hypothesis applies to approximately 
22% of (37/170) of all sterically critical residues, while the other 78% are accommodated 
by larger rotations that may or may not lead to a rotamer change, almost four times the 
cases covered by the minimal rotation hypothesis. 
We observe that side-chain flexibility reflects an intrinsic property of amino acid side-
chains as it is correlated to configurational entropy differences. Indeed, side-chains in the 
Apo form with higher mobility (b-factors) and exposed surface to the solvent are more 
likely to undergo side-chain rotamer changes. 
Interestingly, we observe a rearrangement of the H-bond network that leads us to propose 
that upon binding, there is a disruption of H-bonds with water concomitant with a gain of 
H-bonds for flexible residues, leading to conservation of the number of H-bonds of rigid 
residues. Furthermore, 75% of residues with potential to form H-bonds do not change the 
  
49 
49 
number of H-bonds in which they participate. This points to the possibility that there is a 
vast potential to develop inhibitors that could take advantage of this undisturbed H-bond 
network to modulate selectivity and specificity. 
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Avant-propos: Lors de ses études doctorales, Rafael Najmanovich a programmé les 
fondations du logiciel FlexAID. Mes travaux en ce qui a attrait au développement de 
FlexAID ont touché à la recherche, au pointage et à la représentation du problème 
d’optimisation et ont entre autres permis 1) d’augmenter la stabilité et d’automatiser la 
méthode afin de la rendre applicable à haut débit, 2) d’y inclure une nouvelle fonction de 
pointage lisse basée sur l’utilisation de surfaces en contact calculées analytiquement, 3) 
d’inclure efficacement la flexibilité protéique et 4) de mieux couvrir l’espace de recherche. 
J’ai effectué l’ensemble des travaux décrits dans l’article et créé toutes les figures. J’ai 
analysé les résultats et rédigé l’article avec l’aide de Rafael Najmanovich. 
 
Résumé: Les méthodes d’arrimage moléculaire de petites molécules permettent de prédire 
les conformations d’un complexe protéine-ligand. La performance de ces méthodes est 
généralement évaluée contre un ensemble de structures protéiques sous la forme liée. Ces 
méthodes sont donc testées sous des conditions propices et idéales, mais peu réalistes 
considérant l’étendue de la flexibilité protéique. Nous introduisons une nouvelle méthode 
appelée FlexAID. Contrairement à la plupart des autres méthodes définissant une 
interaction entre deux atomes à l’aide de critères géométriques stricts, FlexAID considère la 
surface en contact entre deux atomes. Les paramètres énergétiques entre les différents types 
d’atomes ont été optimisés itérativement par apprentissage automatisé à partir d’un 
ensemble de leurres rendu de plus en plus difficile. Malgré qu’aucune contrainte n’ait été 
imposée durant le processus d’optimisation, l’ordre relatif des paramètres reflète un ordre 
intuitif chimiquement. Nous avons comparé la performance de FlexAID en prédiction du 
mode de liaison contre celles de AutoDock Vina, FlexX et rDock contre des ensembles de 
structures protéiques sous les formes liée et non liée. Malgré que notre performance soit 
moindre par rapport à celles des autres méthodes contre les formes liées nos résultats 
montrent que notre méthode est plus performante que AutoDock Vina et FlexX contre le 
Astex non native set sans et avec inclusion de flexibilité protéique. De plus, nous 
démontrons que l’utilisation de surfaces en contact permet à FlexAID d’être robuste envers 
les changements conformationnels. Finalement, à partir d’une base de données 
indépendante, nous démontrons que FlexAID performe mieux que l’ensemble des 
méthodes évaluées lorsque le déplacement d’une chaîne latérale est requis afin 
d’accommoder le ligand au site de liaison. 
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Abstract 
Small-molecule protein docking is an essential tool in drug design and to understand 
molecular recognition. In the present work we introduce FlexAID, a small-molecule 
docking algorithm that accounts for target side-chain flexibility and utilizes a soft scoring 
function, i.e. one that is not highly dependent on specific geometric criteria, based on 
surface complementarity. The pairwise energy parameters were derived from a large dataset 
of true positive poses and negative decoys from the PDBbind database through an iterative 
process using Monte Carlo simulations. The prediction of binding poses is tested using the 
independent Astex dataset while performance in virtual screening is evaluated using a 
subset of the DUD dataset. We compare FlexAID to AutoDock Vina, FlexX, and rDock in 
an extensive number of scenarios to understand the strengths and limitations of the different 
programs as well as to reported results for Glide, GOLD and DOCK6 where applicable. 
The most relevant among these scenarios is that of docking on flexible non native-complex 
structures where as is the case in reality, the target conformation in the bound form is not 
known a priori. We demonstrate that FlexAID, unlike other programs, is robust against 
increasing structural variability. FlexAID obtains equivalent sampling success as GOLD 
and performs better than AutoDock Vina or FlexX in all scenarios against non native-
complex structures. FlexAID is better than rDock when there is at least one critical side-
chain movement required upon ligand binding. In virtual screening, FlexAID results are 
lower on average than those of AutoDock Vina and rDock. The higher accuracy in flexible 
targets where critical movements are required, intuitive PyMOL-integrated graphical user 
interface and free source code as well as pre-compiled executables for Windows, Linux and 
Mac OS make FlexAID a welcome addition to the arsenal of existing small-molecule 
protein docking methods. 
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Introduction 
Proteins co-exist as an ensemble of states in thermodynamic equilibrium1 with the 
population of each state proportional to their relative free energy differences with respect to 
some reference state. In crystals, protein structures are subject to packing constraints that 
may vary among different crystals of the same protein2,3. At times such constraints lead to 
distinct arrangements of side-chains in the binding-site4. According to the conformational 
selection theory for ligand-protein binding5, a ligand that preferentially binds a given state 
will shift the equilibrium towards that state. Therefore, due to a combination of the factors 
above, the bound structure may not necessarily represent the most common state of the 
protein when unbound. The analysis of protein X-ray structures in the presence or absence 
of ligands show that side-chain flexibility upon ligand binding is indeed common6. In 
approximately 30% of cases, side-chain rotamer changes between apo and holo forms are 
essential for ligand binding7. Therefore, accounting for side-chain flexibility in molecular 
docking should play an essential role when the bound structure of the protein is unknown. 
Molecular docking is the most commonly used computational method to predict the 
structure of ligand-protein complexes. Many popular docking algorithms such as AutoDock 
Vina8, FlexX9,10, DOCK611, rDock12 and GOLD13 use stringent geometric constraints to 
define molecular interactions between the two molecules, particularly H-bonding 
interactions. Their scoring functions are called hard scoring functions14 as good scoring 
depends on meeting stringent geometric constraints. These constraints assume that the 
protein side-chains are already correctly oriented in the binding-site to accommodate ligand 
binding. If these are not properly oriented, a finer search of the terminal atoms is required 
to satisfy the necessary geometric criteria. With some notable exceptions15,16, algorithms 
tend to be benchmarked using sets of ligand-bound (holo form) protein structures12,17,18. We 
call such complex structures native in the sense that the holo form conformation is the one 
that corresponds to the one observed with a bound ligand. Using this nomenclature, a non-
native conformation is one obtained from an apo (unbound) form of the protein or non-apo 
form, i.e. a holo form bound to a ligand other than the one present in the native form being 
used as reference. Thus, most algorithms are tested using proteins in rather convenient 
conformations and do not discuss the accuracy of their method when tested on non native-
complex structures. This scenario is not representative of a real-life situation considering 
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that docking is mostly used to accelerate drug discovery or understand potential ligand-
protein interactions where the protein structure considered often is a homology model or a 
non native-complex structure with respect to the ligand of interest. Additionally, protein 
flexibility is often neglected in virtual screening experiments, thus assuming that all ligands 
preferentially select the same state in the conformational ensemble19.  
Different levels of protein flexibility are observed upon ligand binding. Zavodsky et 
al.20 suggested that side-chains move as minimally as possible to accommodate ligand 
binding, a concept they named the minimal rotation hypothesis. We recently quantified the 
minimal rotation hypothesis and observed that it is valid in approximately 20% of cases7. In 
about 90% of binding-sites, at least one side-chain rotamer change is observed in the bound 
complex7; and in 30% of these cases, side-chain movements are essential as severe steric 
clashes are observed in the holo form were it to retain the apo-form side-chain 
conformations. In the present study, we introduce the molecular docking algorithm 
FlexAID that uses a scoring function based on surface complementarity. The use of surface 
complementary in a docking scoring function was previously introduced in the LIGIN 
docking method21,22. Rather than using stringent geometric criteria to define interactions, 
the method focuses on maximizing shape complementarity between atoms of the ligand and 
the protein representing favourable interactions as defined by a set of atom types and a 
pairwise atom type interaction matrix. We investigate to what extent a smooth scoring, i.e. 
one whose values do not change abruptly with slight changes in the structure, can implicitly 
simulate protein flexibility (to accommodate minimal side-chain rearrangements) to take 
advantage of the higher success rates observed when soft potentials are used to mimic 
protein flexibility11. Soft docking has been previously implemented through the attenuation 
of the penalty associated to steric clashes23. Our approach differs in that soft scoring is built 
into the scoring function pairwise interaction terms while maintaining a hard steric clash 
term. We also introduce explicit side-chain rotamer changes in our method to account for 
the larger movements that may lead to more drastic changes in the predicted energy that 
may not be accounted for by a smooth scoring function. 
The development of scoring functions is often based on the use of large datasets of 
complexes and ignores the potential contribution that negative examples may provide. For 
instance, empirical scoring functions such as the ones from AutoDock Vina, FlexX and 
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rDock calibrate their energetic terms only using structures representing native complexes. 
Although the combined use of negative and positive examples was observed to be 
detrimental in other fields such as protein-protein interactions and protein structure 
predictions24-26, it has been recently shown that it can improve the accuracy of scoring 
functions for protein-ligand docking27. The FlexAID method introduced here utilizes a soft 
scoring function, i.e. one that has no angular term and that does not vary abruptly with 
changes in geometry14, developed using both positive and negative examples. 
 
Results 
Any optimization problem, docking included, has three interconnected components 
that affect the accuracy as well as usability of a method. These are representation, search 
and scoring.  
FlexAID uses PDB structures ‘as is’, that is no manual curation is required. In 
particular, the introduction of Hydrogen atoms prior to docking is not necessary and any 
such atoms are ignored if present. In addition, the calculation of partial charges or 
protonation is not required either. FlexAID relies on genetic algorithms as its search 
strategy as discussed in the methods section. The following section discusses the 
development of the scoring function and is followed by the validation of the method. 
Development of the scoring function 
We developed a soft scoring function for FlexAID using contact surfaces based on the 
complementarity function (CF) originally introduced by Sobolev et al.22. Unlike potential 
functions that describe the interaction between two atoms with a functional form with a 
minimum around an optimal distance, in the CF the interaction energy between two atoms 
varies linearly with their surface area in contact. As a soft scoring function, Hydrogen 
atoms are implicitly accounted for. While this implicit treatment prevents the use of 
directionality constraints for interactions, the ‘softer’ or smoother surface helps maximize 
shape complementarity between protein and ligand atoms. As described in the methods 
section, our implementation of the CF function is composed of three terms (Equation 1), a 
term representing the interactions between ligand and protein atoms, a term representing 
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interactions between ligand atoms and the implicit solvent, and lastly a term to prevent 
steric clashes. 
Ligand-protein interactions are quantified with a matrix of pairwise interaction energy 
terms between atom types and modulated by the surface area in contact between atoms. The 
pairwise parameters are derived with the use of statistical potentials optimized using a 
decoys set generated from the PDBbind database28. We grouped the proteins by sequence 
to account for redundancy to avoid biasing the potential towards pairwise interactions 
frequently found in protein families more widely represented in the PDBbind. 
A Monte Carlo procedure was utilized to derive the potential with 820 pairwise 
interactions between 40 atom types as described in the methods section. In each successive 
Monte Carlo iteration, we made the decoy sets harder by injecting new low-energy decoys 
predicted with the potential from the preceding step. In addition to this increase of the 
number of decoys per complex, we also increased the number of complexes used to 
generate decoys. We maintained a high area under the receiver-operator-curve (AUC) value 
on an independent test set with successive iterations despite the increase in the number of 
complexes and the difficulty of the decoys (Table 1).  
 
Table 1. AUC for different parameter sets as a function of the number of Monte Carlo 
iterations on an independent dataset. 
 
Complexes Groups Decoys 
AUC 
Nulla Randomb Optimizedc 
M
C
 It
er
at
io
ns
 1 1,207 544 310,459 0.586 0,526 ± 0,056 0.846 
2 1,455 630 402,043 0.606 0,538 ± 0,046 0.842 
3 1,543 657 455,047 0.611 0,514 ± 0,052 0.832 
4 1,611 678 529,571 0.606 0,545 ± 0,061 0.820 
5 1,649 688 592,385 0.604 0,529 ± 0,053 0.816 
a All pairwise parameters set to 0. 
b Average over a 10 random sets of parameters  
c AUC values for the best matrix obtained in the given iteration 
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The number of proteins considered in our study is smaller than what was used in 
previous studies27 but given that the PDBbind database is enriched with drug-like ligands, 
the energy parameters in our scoring function represent interactions relevant for drug 
design. We obtained an AUC around 0.6 when the parameters are set to zero (negative 
control), suggesting as expected that the true positives have less steric clashes than the false 
positives. Likewise, random values resulted in AUC values around 0.5. We observe a slight 
decrease in AUC values as the decoy sets are made larger and more difficult in successive 
MC iterations to a final value of 0.82. Despite this decrease, more complexes in the 
independent set can be successfully predicted (Figure 1). The parameters obtained also 
permit to better rank the solutions (Figure 1).  
 
 
Figure 1. Bootstrapped average success rate and rank of FlexAID predictions on the 
independent Astex diverse set with consecutive parameter sets. The dataset comprises 84 
protein-ligand complexes. The colours are used for clarity purposes only from the less 
optimized (yellow) to the more optimized (red) potential. The success rate is defined as the 
fraction of complexes where at least one successful solution (RMSD of 2.0Å from the 
native pose) was found. The rank is a measure of how well our method can discriminate the 
true binding mode from other modes. It represents the rank at which the first success is 
observed when the results are ordered according to the scoring function. The results are 
bootstrapped over 10 000 iterations.  
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Given the functional form of the CF (Equation 1), the energy parameters obtained 
through the optimization process can be compared to our qualitative understanding of 
known chemical properties. To do so, we analysed the interactions between some of the 
most frequently occurring atom types in the training and testing datasets (Table S1). The 
top 14 pairwise interactions analysed account for 28% of the total contact surfaces observed 
in native structures. We assigned each interaction as either favourable or unfavourable 
based on chemical intuition (e.g. hydrophobic-polar interactions are unfavourable). We 
observe an ever-increasing agreement between the expected qualitative nature of 
interactions and their relative strength in the derived potential as the number of Monte 
Carlo iterations grows (Figures S1A-F). The final parameter set naturally encodes this 
chemical intuition (Figure 2). For example, the interactions between positively and 
negatively charged atoms and other polar interactions are highly attractive while 
interactions between similarly charged atoms or pairs of donors or acceptors are found to be 
repulsive. In addition to this qualitative agreement, the relative ordering of the strength of 
interactions also makes sense from a chemical point of view. For example, the decreasing 
trend in the strength of polar interactions reflects an intuitive order in which interactions 
involving charged groups are stronger than weaker Hydrogen bonds. Moreover, the set of 
parameters naturally simulates the hydrophobic effect29 as the exposure of polar atoms to 
solvent was observed to be less penalizing than the exposure of non-polar atoms. It is 
important to stress that this agreement between the strength of pairwise interaction energies 
and chemical intuition is a property of the interaction matrix that emerged as a natural 
result of the optimization process without being part of the optimization objective function. 
Interestingly, with the current approach the resulting strength of interactions between 
atom types and the solvent arises from the optimization process as repulsive independently 
of the atom type and validates previous approaches that added such solvent repulsive 
interactions ad-hoc30. In the context of molecular docking, repulsive solvent interactions 
force the ligand to interact with the target rather than maintain a large solvent accessible 
surface. It was previously found that optimizing for pose fidelity alone tend to increase the 
polar contributions of the scoring function31. Our results agree with this previous result as 
we also observe that non-polar interactions are generally weaker than polar interactions. 
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Figure 2. Pairwise interaction parameters for selected interactions. The lower a parameter, 
the more attractive is the interactions. Interactions that are attractive or repulsive according 
to chemical intuition are coloured in green or red respectively and shown in parenthesis: 
positive (+) or negative (-) charge, H-bond donor (d) or acceptor (a), hydrophobic (h) and 
hydrophilic (s). The following Sybyl atom types are shown: aromatic carbon (C.ar), 
aliphatic carbon (C.3) positively charged nitrogen (N.4), trigonal planar nitrogen (N.pl3), 
oxygen in carboxylate (O.co2), oxygen of carbonyl (O.2), oxygen of hydroxyl or ether 
(O.3) and solvent (Sol). 
 
Docking algorithms estimate the energy of thousands of unique protein-ligand 
conformations during a simulation. Ideally, the scoring function would easily distinguish 
the native conformation from others and rank it with the lowest energy. We optimized the 
interactions such that the native conformation represents in as much as possible the global 
minimum of the energy landscape of the complementarity function. With the non-
optimized interactions, we observe that the predicted energy of the best conformation 
(referred as CFmin) suggested by our method is lower than the CF of the native 
conformation (CFref) for nearly all complexes of the Astex diverse set16,32 that is 
independent from the PDBbind set (Figure S2A). This result shows that the native 
conformations do not represent the global minimum of the CF indicating the presence of 
many local minima lower in energy than the native structure. This bias towards over-
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optimized conformations is drastically reduced as we iteratively improve the interaction 
matrix (Figures S2A-F), suggesting that the native conformations are increasingly the most 
favourable ones. This property again emerges naturally as a result of using positive and 
negative decoys. A few outliers with over-optimized CF are notable: PDB codes 1JD0, 
1MZC, 1OQ5 and 2BR1. In 3 cases out of 4 cases, the discrepancies observed between 
CFmin and CFref can be explained by the presence of a metal coordinating the ligand, a type 
of interaction frequent in the Astex dataset but seldom observed in the PDBbind subset 
used for training (Table S1). 
Conformations of the complex close to that of the native complex (near-natives) share 
common and essential features of molecular recognition. Therefore, it is critical for the 
scoring function to also rank favourably these conformations to efficiently guide the search 
towards the true positive complexes. Conceptually, the energetic well must be smooth 
enough such that subtle changes in the structure do not drastically impact the overall 
energy. In order to do so, we assigned decoys that were sufficiently close to the native 
complex structure in terms of RMSD as positive examples. We included at least 2 such 
designed true positives for each complex in the decoys set used during the Monte Carlo 
optimization to build in smoothness into the parameter set. In Figure 3, we plot the relative 
difference in CF of all successful predictions in the Astex diverse set relative to the native 
CF. The relative CF difference is defined as . As a 
consequence of building the decoy sets in this way, the resulting interaction matrix 
obtained after the successive Monte Carlo iterations displays a funnel-shaped distribution 
where larger deviations from the native conformation are associated with larger 
discrepancies in CF. This property of the CF function is notably less prominent in the non-
optimized interaction matrix (Figure S3A). The outliers observed in the lower part could be 
partially explained by the RMSD measure itself. Some authors previously noted that the 
RMSD measure can be problematic as low RMSD poses may represent significantly 
different interactions in comparison to the native conformation33,34. In fact, among the 90 
complexes with ΔCFnorm < -0.25 (representing highly similar surfaces in contact), we find 
80 complexes with RMSD > 1.5Å. 
 
ΔCFnorm = CFmin −CFref( ) CFref
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Figure 3. Smoothness of the FlexAID soft scoring function. As relative difference in CF is 
normalized by the CF of the reference native pose (CFref < 0), complexes (represented by 
points) above the dashed line are cases where the CF of the best solution (CFmin) is lower 
than that of the reference. The colours are used for clarity purposes only, from less (blue) to 
more distorted (cyan). The outliers observed above the dashed line represent cases where 
metals are present in the binding-site. 
 
Validation of FlexAID 
We validate FlexAID extensively with respect to binding mode prediction as well as in 
virtual screening experiments comparing the performance of FlexAID primarily to that of 
AutoDock Vina8, FlexX10 and rDock12 and to reported results for DOCK611, GOLD16 and 
Glide35.  We made the pragmatic choice to focus on AutoDock Vina, FlexX and rDock 
when running simulations for a number of reasons: These programs are freely available, 
widely used and represent the state-of-the-art in docking simulations. Most importantly, 
unlike FlexAID, all these programs utilize hard scoring functions. 
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Binding mode prediction 
The performance of the docking algorithms is evaluated by measuring how often the 
method can predict the native pose of the ligands within a margin of error for an ensemble 
of protein-ligand complexes. We compare the performance of FlexAID in binding mode 
prediction to those of AutoDock Vina, FlexX and rDock as well as to reported results for 
GOLD16. We compare the different software in various scenarios for complexes in the 
Astex diverse set16,32 and use success rate to evaluate performance. The success rate 
measures the number of cases in a dataset where a successful pose is found within the top 
10 scoring results. At times authors include all predicted poses in the definition of success 
rate (called sampling success) to report the performance of docking methods12. The use of 
sampling success as a measure of quality of a docking program is informative about the 
performance of a method but it cannot be expected that users inspect all generated results. 
We believe that reporting success rate among top 10 results is a reasonable compromise but 
we also calculate top 1, 5 and 100 success rates (Table 2). Top 100 results are used as an 
approximation of sampling success. Each method is tested on its own largest possible 
subset of the Astex diverse set for which the particular program could be run without 
technical errors (called here the ideal subset) as well as the largest common subset of cases 
for all methods. In the following sections, we focus the discussion on results for the ideal 
subset however as the results do not differ significantly between subsets, the conclusions do 
not change when looking at the largest common subset. In fact, success rates are nearly 
identical on the Astex datasets with a maximal difference of 5.3%. Differences in success 
rates are more pronounced in the HAP2 dataset (maximal difference of 15.1%). Each of the 
two subsets has its advantages and Table 2 should be used as a comprehensive 
compendium of the results. 
Flexible ligands on native structures 
We docked flexible ligands into the native structure of proteins from the Astex diverse set. 
Such a scenario is somewhat artificial but would be representative of the approximately 
10% of binding-sites that do not undergo side-chain conformational changes upon ligand 
binding7. The performance of FlexAID (66.7%) is closest to the performance of FlexX 
(78.8%) when docking in native structures (Figure 4A). AutoDock Vina and rDock achieve 
higher success rates with 81.8% and 89.4% respectively in this specific scenario where 
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side-chain flexibility is not required. The sampling success of FlexAID is 81.0% compared 
to 84.7% for FlexX, 97.4% for AutoDock Vina and 98.8% for rDock. The slight 
discrepancies between our results and those previously reported by Ruiz-Carmona et al.12 
may be explained in part by how success rates are calculated (in particular the use of 
bootstrapping) and by differences in the datasets as 11 complexes from the Astex native set 
were absent in their study.  
Table 2. Success rates on top 1, 5, 10 and 100 solutions on different docking scenariosa 
  
Scenario Program 
Ideal subsetb Largest common subsetc 
1 5 10 100 1 5 10 100 
A
S
T
E
X 
N
A
T
I
V
E 
FLRP 
FlexAID 45.2% 65.5% 66.7% 81.0% 44.2% 64.9% 66.2% 79.2% 
Vina 76.6% 79.2% 81.8% 97.4% 76.6% 79.2% 81.8% 97.4% 
FlexX 63.5% 74.1% 78.8% 84.7% 63.6% 74.0% 77.9% 84.4% 
rDock 77.6% 87.1% 89.4% 98.8% 76.6% 85.7% 88.3% 98.7% 
N
O
N 
 
N
A
T
I
V
E 
FLRP 
FlexAID 38.5% 48.1% 57.7% 80.8% 41.7% 52.8% 61.1% 77.8% 
Vina 41.7% 45.0% 48.3% 70.0% 44.4% 47.2% 50.0% 69.4% 
FlexX 41.3% 50.0% 54.3% 65.2% 41.7% 50.0% 55.6% 63.9% 
rDock 54.7% 64.1% 68.8% 89.1% 55.6% 63.9% 69.4% 94.4% 
FLFP 
FlexAID 40.4% 53.8% 61.5% 80.8% 38.9% 52.8% 63.9% 80.6% 
Vina 46.7% 51.7% 53.3% 78.3% 50.0% 52.8% 55.6% 77.8% 
FlexX NA NA NA NA NA NA NA NA 
rDock 53.1% 68.8% 76.6% 89.1% 55.6% 69.4% 77.8% 94.4% 
H
A
P
2 
N
A
T
I
V
E 
FLRP 
FlexAID 22.0% 35.6% 39.0% 59.3% 22.2% 35.2% 38.9% 59.3% 
Vina 52.5% 64.4% 67.8% 89.8% 50.0% 63.0% 66.7% 88.9% 
FlexX 30.4% 37.5% 44.6% 51.8% 29.6% 37.0% 44.4% 51.9% 
rDock 44.6% 64.3% 66.1% 85.7% 42.6% 63.0% 64.8% 85.2% 
N
O
N 
 
N
A
T
I
V
E 
FLRP 
FlexAID 20.0% 22.9% 28.6% 45.7% 16.7% 22.2% 27.8% 38.9% 
Vina 7.5% 13.2% 15.1% 34.0% 5.6% 11.1% 16.7% 27.8% 
FlexX 3.4% 13.8% 24.1% 41.4% 0.0% 11.1% 27.8% 44.4% 
rDock 8.3% 20.8% 29.2% 54.2% 5.6% 16.7% 22.2% 66.7% 
FLFP 
FlexAID 28.6% 40.0% 42.9% 62.9% 33.3% 38.9% 38.9% 55.6% 
Vina 15.9% 31.8% 38.6% 68.2% 16.7% 38.9% 44.4% 83.3% 
FlexX NA NA NA NA NA NA NA NA 
rDock 8.3% 18.8% 22.9% 50.0% 5.6% 16.7% 22.2% 50.0% 
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a Docking Scenarios: FL: Flexible Ligand; RP: Rigid Protein; FP: Flexible Protein. Results 
are not available for FlexX for FP as the program considers proteins as rigid and uses 
multiple protein conformations to account for protein flexibility. All success rates are 
bootstrapped over 10 000 iterations. 
b The ideal subset is the largest subset in which a given program is able to run without 
technical errors, it is a different subset for each program with the following number of 
targets for each program: FlexAID, AutoDock Vina, FlexX and rDock. 
c The largest common subset of the Astex diverse set contains 77 targets. The largest 
common subset of the Astex non native set contains 669 structures representing 36 
unique targets. The largest common subset of the HAP2 native and non native sets 
contain 54 targets and 18 targets. 
 
 
 
 
Figure 4. Comparison of the performance of FlexAID, AutoDock Vina, FlexX and rDock 
for binding mode prediction. The performance of FlexAID (red), AutoDock Vina (blue), 
FlexX (cyan) and rDock (purple) were tested on the Astex diverse set (A) in the presence of 
ligand flexibility alone (denoted as FLRP) or presence of ligand and protein flexibility 
(denoted as FLFP). The programs were also compared on the Astex non-native set (B) in 
the absence (denoted as FLRP) or presence (denoted as FLFP) of protein flexibility and 
ligand flexibility. The cases represented are the ideal subset (see Methodology). The results 
are bootstrapped over 10 000 iterations. 
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Analysis of soft and hard failures in FlexAID 
Some of our failures can be attributed to the search procedure, previously categorized as 
soft failures37 (not to be confused with the concept of soft scoring functions). We observed 
that ligands where FlexAID failed to find the correct solution tend to have a larger number 
of flexible bonds (Figure S4F). Invariably in these cases, the CF value of the best-predicted 
pose (CFmin) is always higher than that of the reference pose (CFref). Examples include the 
cases of JE2 (PDB ID 1KZK) with CFref -312.7 and CFmin -198.9, the case of BIR (PDB ID 
1R1H) with CFref -212.3 and CFmin -121.8 and STI (PDB ID 1T46) with CFref -326.9 and 
CFmin -238.6. 
Other failures are categorized as hard failures as they can be attributed to the scoring. 
For example, in the case of RQ3 (PDB ID 1G9V), the native pose of the ligand is quickly 
discarded with a considerably higher CF value (CFref -89.6) than the predicted pose (CFmin -
191.2). In the case of BNE (PDB ID 1MZC) and AZM (PDB ID 1JD0), the Zn metal in 
coordination with the ligand is associated with large steric clashes as calculated in FlexAID 
in the native pose thus increasing the native CF score, a limitation for metals that we wish 
to address in the future in FlexAID. Another source of failed predictions are cases of poor 
parameterization. For example, in the case of AO5 (PDB ID 1R58), our failure could be 
attributed in part to the Cl atom of the ligand as well as the presence of 2 Mn2+ ions. The Cl 
atom is exposed to the solvent in the native pose and found in substantially less solvent 
exposed positions than the native pose (~70Å2 vs ~115Å2), as its exposure to solvent is 
highly penalized according to the parameter set. The native pose in the biological unit 
exposes to solvent a bulky hydrophobic group found buried in our predictions. In the native 
complex, the entropic penalty involved in exposing a hydrophobic group to the solvent is 
partially offset by the enthalpic gains through interactions with 2 Mn2+ ions in the binding-
site. Unfortunately, our interaction matrix does not currently appropriately cover 
interactions with Mn due to a lack of examples of these interactions in the training data 
(Table S1). The parameterization of metals is a common issue when deriving scoring 
functions. To investigate its impact on docking performance, we calculated success rates on 
a subset of the Astex native set excluding cases with metals in the binding-site (PDB IDs 
1GKC, 1HP0, 1HQ2, 1HWW, 1JD0, 1JJE, 1LRH, 1MZC, 1OQ5, 1R1H, 1R55, 1R58, 
1UML, 1XM6, 1XOQ, 1YQY). As expected, the performance of all methods increases 
  
67 
67 
with success rates of 72.1%, 83.6%, 79.7% and 91.3% (versus 66.7%, 81.8%, 78.8% and 
89.4% when including such cases) for FlexAID, AutoDock Vina, FlexX and rDock. 
To summarize, most hard failures involve atom types less frequently observed in 
biological molecules and are caused by the lack of training data given the nature of our 
approach. To account for the lack of examples in the training data, we mapped infrequent 
atom types to a frequent atom type with similar chemical properties or, if none was 
available, pairwise interactions involving the infrequent atom type were set to zero. The 
mapping of Zn to Mn allows the complex 1R58 to be properly docked with good ranking 
(Rank of 3). Predictions are also improved when interactions made with Cl atoms are made 
as neutral. For consistency, the success rates presented in each docking scenario were done 
using the original un-corrected pairwise energies and using the whole Astex dataset 
including cases with metals. 
Considering the soft nature of our scoring function, one could expect that FlexAID 
would perform better on predominantly hydrophobic binding-sites where directionality is 
less important. We do not observe any clear correlation of the rank with the hydrophobicity 
index of the binding-site (Figures S5A-F). 
Flexible ligands on rigid non-native structures 
We compared the performance of FlexAID to that of AutoDock Vina, FlexX and rDock by 
docking into rigid non-native structures. This scenario is relevant to virtual screening in 
which protein flexibility is implicitly taken into account. For each method, the protein-
ligand complexes that could not be successfully predicted in the native structures were not 
included (see Methodology). In other words, every method is only tested on cases in which 
it could successfully dock the ligand in the native conformation. Thus, the failures observed 
in this experiment are most likely attributable to the effect of conformational changes in the 
binding-site. When it comes to non native-complex structures the success rate of AutoDock 
Vina and FlexX decrease considerably to a level below that of FlexAID that is minimally 
affected by the transition to rigid non native-complex structures (four left-most bars in 
Figure 4B). FlexAID predicts 57.7% of the complexes when side-chain flexibility is 
excluded while AutoDock Vina, FlexX and rDock predict 48.3%, 54.3% and 68.8% 
respectively. A previous study showed that the software GOLD developed by Astex obtains 
a sampling success of 72% on their own Astex non native-complex set16. Using the same 
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(entire) Astex non native-complex dataset, FlexAID obtains a Top 100 bootstrapped 
sampling success of 67.2% when side-chain flexibility is excluded or 68.8% when 
included. However, as we were unable to obtain a free license for GOLD, we cannot ensure 
that the same methodology is being employed when comparing the two methods.  
 To further understand the sensitivity of the different methods, we calculated the 
success rate as a function of the magnitude of rearrangements observed between native and 
non-native forms. When docking on rigid non native-complex structures of targets (Figure 
5A), the performance of FlexX equates that of rDock for non-native structures that are 
closely structurally similar to the native form. However, despite the observed decrease in 
success rate for all programs as the magnitude of movements increase, FlexX has a steeper 
decreasing slope compared to those of FlexAID, AutoDock Vina and rDock. The 
performance of FlexAID is always superior to that of AutoDock Vina and surpasses the one 
of FlexX on structures with maximal displacement greater than 1.5Å but remains below 
that of rDock. 
 
Figure 5. Impact of the magnitude of movements on the success rate. We compare the 
success rates of FlexAID (red), AutoDock Vina (blue), FlexX (cyan) and rDock (purple) as 
a function of the maximal displacement of any atom of the binding-site between apo/non-
apo and holo forms of the Astex diverse sets. We compare the success rates between the 
methods in absence (A) or presence (B) of protein flexibility. The following bins were used 
maximal displacement: [0.0,1.0[, [1.0,2.0[, [2.0,3.0[, [3.0,4.0[, [4.0,5.0[, [5.0,dmax]. Where 
dmax is the maximum displacement observed across all pairs. Each point is a bootstrapped 
success rate over 10 000 iterations. The lines represent the linear regression of all points for 
a given method. 
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Flexible ligands on flexible non-native structures 
Next, we compared the performances of FlexAID, AutoDock Vina and rDock when 
docking into flexible non-native structures. This is the most realistic of all scenarios as it is 
not only the situation likely to be found when the structure of a ligand-protein complex is 
unknown prior to the docking simulation, but one in which side-chains flexibility is 
included as part of the simulation. It is worth noting that the set of non-native structures 
includes structures that do not require side-chain movements to accommodate a ligand. 
FlexX considers the protein as rigid, thus we did not include it in experiments involving 
protein flexibility. A variant of the method called FlexE introduces protein flexibility by 
combining a set of up to 16 protein structures15, creating an ensemble that is used to 
combine structurally variable parts from each structure. The authors of FlexE reported 
using a dataset of 10 examples the same success rate as that of combining the results of 
FlexX from all alternative structures docked separately15. Therefore, for all purposes, we 
can consider that the results obtained in the previous section using FlexX on flexible 
ligands docked against rigid non-native structures reflect the results that would be obtained 
with FlexE. 
The inclusion of side chain flexibility in FlexAID and AutoDock Vina increases 
success rates by approximately 5% to 61.5% and 53.3% respectively, compared to 76.6% 
for rDock. Both FlexAID and AutoDock Vina include side-chain flexibility and have 
similar decrease in  success rates as a function of maximal distance, with FlexAID having 
better success rates throughout (Figure 5B). The slope of rDock is steeper, which could be 
explained in part by how rDock treats protein flexibility. This result suggests that FlexAID 
may have an advantage as the magnitude of protein movements required to accommodate 
the ligand increases. To test this hypothesis, we analysed subsets of the Astex diverse set as 
a function of the number of side-chains with large unfavourable contributions to the CF 
function due to steric clashes when superimposing the holo and non-holo forms. We call 
such side-chains as critical as these must undergo movements to be able to accommodate 
the ligand in the crystallographically observed position. 
When focusing on cases with at least one critical side-chain, the success rate of rDock 
decreases to 51.2% (on 482 apo/non-holo pairs representing 43 unique targets) while that of 
FlexAID is only mildly affected and higher than that of rDock at 54.5% or 57.6% (on 330 
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apo/non-holo pairs for 33 unique targets in both cases) when including protein flexibility 
either using rotamers or side-chain conformers respectively. The differences in success 
rates become more apparent as the number of critical side-chains increases. Considering 
that rDock includes protein flexibility in a very restricted manner (rotation of polar 
Hydrogen atoms), the high success rate in the presence of critical side-chain movements 
may be due to being able to accommodate the ligand in a slightly shifted position or altered 
conformation to avoid steric clashes with the protein atoms that should undergo movement 
whilst still maintaining an RMSD within the required cut-off for success.  
The critical side-chain movement dataset 
We employ a subset of the non-redundant dataset of holo-apo protein pairs (HAP2) 
previously developed by our group7 to determine if the effect observed above on cases with 
critical side-chains can be observed in a non-redundant dataset independent from the Astex 
dataset used above. Given the high level of manual curation to ensure that the dataset is 
non-redundant, this dataset can be directly used in the context of docking simulations. In 
what follows, we selected cases from the non-redundant SEQ subset of the HAP2 dataset 
that contains at least one critical side-chain movement for a total of 64 holo/apo protein 
pairs. 
Similarly to the experiments described above, we docked against the native structures 
of HAP2 (Figure 6A). We obtain a success rate in Top 10 predictions of 39.0%, 44.6%, 
67.8% and 66.1% for FlexAID, FlexX, AutoDock Vina and rDock respectively. In terms of 
sampling success (Top 100), we obtain 59.3%, 51.8%, 89.8% and 85.7% for FlexAID, 
FlexX, AutoDock Vina and rDock. These results obtained on the HAP2 dataset are 
considerably lower than those obtained with the Astex dataset in the equivalent scenario: 
(66.7%, 78.8%, 81.8% and 89.4%) for Top 10 and (81.0%, 84.7%, 97.4% and 98.8%) for 
Top 100. In particular, the sampling success of FlexAID and FlexX decrease considerably 
more in the HAP2 dataset than that of AutoDock Vina and rDock. It is unclear if the HAP2 
dataset is an intrinsically more difficult dataset than the Astex dataset. Some of the 
difficulty may be due in part to the high degree of ligand flexibility (11 ligands with 10 
flexible bonds or more). 
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Figure 6. Comparison of the performance of FlexAID, AutoDock Vina, FlexX and rDock 
for binding mode prediction. The performance of FlexAID (red), AutoDock Vina (blue), 
FlexX (cyan) and rDock (purple) were tested on a critical side-chains subset of the HAP2 
database. We docked against holo (A) and apo (B) forms in the presence of ligand 
flexibility alone (denoted as FLRP) or presence of ligand and protein flexibility (denoted as 
FLFP). The cases represented are the ideal subset (see Methodology). The results are 
bootstrapped over 10 000 iterations. 
 
We also docked against non-native structures of the HAP2 dataset (four left-most bars in 
Figure 6B). We observe that FlexAID with 28.8% performs better than AutoDock Vina 
with 15.1% and FlexX with 24.1% in this particular scenario and equates the performance 
of rDock at 29.2%. FlexAID, AutoDock Vina, FlexX and rDock obtain success rates 
significantly lower than those on the Astex non-native set (57.7%, 48.3%, 54.3% and 
68.8%). 
The inclusion of protein flexibility (three right-most bars in Figure 6B) leads to an 
increase in success rates for FlexAID and AutoDock Vina to 42.9% and 38.6% 
respectively. Intriguingly, the success rate of rDock in the non-native HAP2 critical subset 
in the presence of protein flexibility decreases to 22.9% compared to that what is observed 
in absence of protein flexibility in the same dataset.  
 Whereas the ligands included in the Astex dataset are representative of drug-like 
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molecules, it is unclear to what extent the Astex diverse set is representative of the true 
levels of critical side-chain movements. At the same time, the HAP2 subset of critical 
movement represents approximately 30% of cases of a non-redundant sample of binding-
sites excluding non-specific binders but not restricted to drug-like molecules. Our results in 
both datasets indicate that in cases where side-chain movements are present, FlexAID has a 
superior performance than AutoDock Vina and a clear advantage over rDock. 
Virtual screening 
The analysis of a small-molecule docking program cannot be complete without the analysis 
of its performance on virtual screening. However, it has to be stressed that the prediction of 
binding poses as performed above and that of discriminating binding from non-binding 
small molecules are two distinct problems. Namely, it may not be possible to properly 
identify binders within a larger set of non-actives even if we are able to correctly predicting 
their binding pose. We evaluated the performance of FlexAID in virtual screening by 
docking against 38 targets of the DUD dataset38 without including protein flexibility. We 
use the average AUC and enrichment factors at 1% of the ranked database (EF1%) as 
criteria of performance in virtual screening. In average, we have an AUC of 0.56 (and 
EF1% of 2.9) across all targets (Figures S7A-B), which closely matches results obtained 
from a previous study that used DOCK611. Interestingly, despite the differences in the 
nature of the two algorithms, some of their best targets (GART, SAHH, RXR and COX2) 
in terms of AUC are also targets where we had the most success where we obtained AUCs 
of 0.83, 0.81, 0.92 and 0.80 respectively. Using an AUC of 0.6 as a rough guideline for 
successful predictions over random, FlexAID and DOCK6 succeed for 16 targets of which 
10 are shared. However, our virtual screening results are on average lower than the results 
reported12 for rDock, Glide and AutoDock Vina. These results were somehow expected 
considering the methodological approach used to derive the CF. As the CF was optimized 
for scoring appropriately native and near-native binding modes, this may come at the 
expense of enrichment as previously observed31. We therefore investigated if re-scoring 
could improve the predictions of FlexAID in virtual screening. The re-scoring of docking 
poses is a common practice to account for the possible caveats and biases of scoring 
functions39. We utilized the free knowledge-based scoring function RankScore as re-
scoring method. In average, the AUC and EF1% increased to 0.62 and 4.9 when using 
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RankScore27 (Figures S6A-B) compared to 0.66 and 8.9 respectively for AutoDock Vina, 
0.69 and 11.4 for rDock and 0.78 and 22.6 for Glide12. The size of the dataset used to 
obtain the virtual screening results for AutoDock Vina, rDock and Glide is similar to ours 
but 20 of the DUD targets were replaced in their case with DUD-E targets. Apart from this 
potential source of differences and given that results for FlexAID only were rescored, our 
results are comparable to those of AutoDock Vina and to some extent to those of rDock but 
still considerably lower than Glide. 
Graphical user interface 
We developed a graphical user interface (GUI) called NRGsuite that is directly integrated 
into PyMOL to allow non-experts in the field to easily use FlexAID. Through the GUI, the 
users can easily set the target and ligand to be docked, define, measure and partition the 
binding-site volume, view the simulation in real-time, etc. An extensive manual is provided 
in order to guide the users through the different steps. The NRGsuite is freely available and 
its installation also installs FlexAID. The NRGsuite is compatible under the operating 
systems Linux, MacOS X and Windows. A complete description of the NRGsuite features 
is beyond the scope of the present work and will be described elsewhere. 
 
Discussion 
In this paper we present FlexAID, a docking method that uses a soft and smooth 
scoring function based on surfaces in contact. Our results show that FlexAID is a highly 
competitive docking program that performs better than several widely used methods in non 
native-complex structures particularly when flexibility is crucial for binding. We compare 
FlexAID to commonly used (AutoDock Vina, FlexX) and state-of-the-art (rDock) software 
in the field as well as to reported results for Glide, GOLD and DOCK6. The comparisons 
on the prediction of binding poses are carried out using the accepted de facto benchmarking 
Astex diverse set, which offers an independent dataset (except for GOLD developed by 
Astex) to test docking programs. Notably, comparisons to commercially available software 
that are widely used such as GOLD and Glide are severely restricted or entirely missing as 
we have no access to these software and must rely on published data where available. It 
would be useful if commercial software developers would at least make all data available 
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for such benchmark datasets to allow more detailed comparisons even if independent 
validation is not possible.  
While all current scoring functions used in major docking algorithms impose strict 
geometric constraints to define molecular interactions, our scoring function focuses on 
coarser features such as shape complementary. The simplicity of the representation is 
directly interconnected with the scoring methodology and offers an advantage in terms of 
accessibility in that PDB40 structures can be used directly without requiring the addition of 
Hydrogen atoms or the calculation of partial charges. Our scoring function, together with 
the unique way in which our pairwise energy terms were derived, contribute to produce 
better results in binding mode prediction than several widely used methods. As a matter of 
fact, in the most challenging and realistic of situations, when docking on non native-
complex structures, FlexAID performs better than the widely used programs AutoDock 
Vina and FlexX (and FlexE by extrapolation according to the conclusions of their 
authors15). FlexAID outperforms rDock when critical side-chain movements are necessary 
to accommodate ligand binding. One potential advantage of a program such as FlexAID 
with a soft, smooth scoring function over programs that utilize hard scoring functions is 
that the former are less sensitive to structural variations such as those that are common in 
homology models. A well-characterized phenomenon in docking programs with hard 
scoring functions is that the accuracy of the results is on average higher for holo form 
targets, followed by non-apo form targets and lastly homology models41. Given the soft and 
smooth scoring function in FlexAID, the program may be suited for binding mode 
predictions using homology models but this remains to be tested. 
Despite that more iterations were carried out to improve our scoring function (data not 
shown), we did not observe any further improvements in terms of success rate and ranking. 
We may have achieved a limit for the optimization of the scoring function with the set of 
atom types used. However, it may be possible to augment the number of atom types. In 
fact, inaccuracies in the Sybyl atom types have previously been discussed42. For instance, 
the O.3 atom type definition could be divided in at least 2 atom types as it accounts for both 
hydroxyl and ether groups. Such a separation is chemically meaningful as only hydroxyls 
can act as H-bond donors. Our scoring function would most likely be improved by 
extending the number of atom types as that would allow us to define more appropriately the 
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chemical properties of atoms. Moreover, most of the hard failures observed are due to the 
absence or lack of sufficient training data (Table S1). Therefore, whereas in some cases it is 
chemically plausible to split an atom type into two, in other cases, it may be worth merging 
atom types with similar chemical properties due to the lack of sufficient data. 
The interaction between atom types was derived employing an iterative procedure 
using both positive and negative information with large decoy sets. In the present study we 
utilize poses of a ligand with RMSD values higher than a given threshold (see 
Methodology) compared to its experimentally determined pose to define negative decoys. 
However, the combination of decoys for different ligands as negative decoys for each target 
may further improve virtual screening43. One advantage of a soft scoring function over a 
hard one is that it can implicitly account for protein flexibility. Despite the fact that none of 
the decoys included protein flexibility, our scoring function could still maintain good 
performance when docking into non-native proteins. Future decoys sets will include side-
chain and backbone flexibility. As the values of smooth scoring functions do not drastically 
change with small rearrangements of the structure, achieving the global minimum of the CF 
in a traditional genetic algorithms docking simulation can be done within less energy 
evaluations than with hard scoring functions. All simulations with FlexAID were 
performed with 2x106 energy evaluations while at least 10 times more energy evaluations 
were used in the case AutoDock Vina8. Despite that more time is required in computing 
surfaces in contact than simple distance calculations, the extra time required is offset by the 
smaller amount of energy evaluations required. Therefore, there appears to be a trade-off 
between the search and the scoring that can quickly become computationally intensive as 
more and more degrees of freedom are required to account for the stringent geometric 
constraints. 
While our current implementation of side-chain flexibility has similarities to other 
methods, particularly to the one of AutoDock Vina8, the smoothness of our scoring function 
takes into account to some extent receptor plasticity implicitly, thus accounting for subtle 
side-chain movements described by the minimal rotation hypothesis. Such movements are 
expected to be accompanied by steeper energetic changes using hard scoring functions and 
would require additional flexible side-chains. Many popular docking algorithms such as 
FlexE44 and ICM44 treat protein flexibility using multiple receptor conformations (MRC). 
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While MRC is not restricted to side-chain flexibility, the MRC approach is subjected to a 
combinatorial explosion of the search space. In these cases, a smooth scoring could 
implicitly account for subtle backbone movements and help restrict the size of the ensemble 
of conformations. 
Given that the best RMSD obtained correlates with the number of rotatable bonds in 
the ligand, improvements in the methodology used to simulate ligand flexibility may 
increase the accuracy of FlexAID. Currently each flexible ligand bond represents a genetic 
algorithm variable sampling angles at 10° intervals and intramolecular ligand interactions 
do not contribute to the scoring. A number of different possibilities may be explored in the 
future to address the gap in the loss of success rate such as finer sampling, inclusion of 
intramolecular ligand interactions in the CF function as well as the possibility of pre-
computing favourable ligand conformations45,46. 
In terms of virtual screening, FlexAID requires rescoring to achieve comparable results 
to those of AutoDock Vina and rDock (although different datasets were used as noted, and 
a direct comparison may not be straightforward). The poses generated with FlexAID do not 
necessarily represent minima in the energy landscape of RankScore. Unfortunately, 
RankScore does not allow to perform local minimization of the structures, which could 
further improve the results. 
Considering the differences between binding pose prediction and virtual screening and 
our emphasis in the development of the scoring function for the former, the result obtained 
are expected but may be further improved with changes in the scoring function discussed 
above. Lastly, it is important to keep in mind that the virtual screening experiments were 
performed with flexible ligands and rigid targets and improvements may be observed with 
the inclusion of target flexibility as it was previously observed that multiple receptor 
conformations lead to improvements47. 
Methods 
Binding-site definition 
The binding-site definition involves the detection and use of one or more cavities of the 
target molecule. A grid with spacing of 0.375Å is built within the volume of each cavity to 
define the searchable area of the ligand where each grid vertex serves as an anchor point for 
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the reference atom of the ligand. This discretization of space allows us to replace three 
translational degrees of freedom for a single variable. When the ligand is processed, a 
reference atom is internally defined and is normally identified as an atom within the largest 
rigid portion of the ligand. The ligand will not necessarily be fully contained within the 
volume of the binding-site, as only the reference atom is required to be anchored to a grid 
point. This permits to account for remodelling of the binding-site such as when side-chain 
flexibility is included while maintaining the originally defined grid. 
Cavities are calculated using our own implementation of the flood-fill SURFNET 
algorithm48 called GetCleft. Briefly, the method inserts spheres between each pair of atoms 
of the target and reduces their radii until there are no more clashes. A cleft is defined as an 
ensemble of connected spheres. This binding-site definition is similar to the definition in 
the program DOCK49. One or more cavities can be searched at the same time. The 
possibility to perform a global search against all cavities may be interesting when searching 
for binding hotspots50 or druggable allosteric binding sites. 
The scoring function 
We use a modified form of the complementarity function to evaluate the energy of the 
complex21. A subset of 40 Sybyl atom types51 is used to describe the chemical properties of 
atoms. We assign atom types using the open-source and freely accessible software Open 
Babel52. The Van der Waals (VDW) radii of heavy atoms are expanded to implicitly 
account for Hydrogen atoms53. The VDW radius of each atom is further expanded by the 
radius of a water molecule (1.4Å) to calculate contact surfaces between atoms and solvent 
accessible surfaces (SAS) with the implicit solvent. We calculate surface areas in contact 
analytically using the constrained Voronoi procedure of McConkey et al.54. The scoring 
function is given by: 
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and j of Sybyl atom types i’ and j’, is given by  and modulated by their surface area in 
contact Sij. Similarly to GOLD and DOCK, intramolecular interactions are omitted. The 
second term is used to simulate the hydrophobic effect, through an effective interaction 
energy between ligand atoms and the solvent  modulated by the solvent accessible area 
Siw of each ligand atom. As this term involves only ligand atoms, we assume that different 
poses of the ligand desolvate the target equally55. The last term accounts for the repulsive 
VDW interactions. The constant Kwall = 106, is used to penalize steric clashes when the 
distance between atoms dij is smaller than the sum of their van der Waals radii. The 
permeability factor, Pe = 0.9, softens the potential to allow some receptor plasticity23. The 
repulsive VDW interactions are only calculated between atoms separated by at least 3 
consecutive covalent bonds in the ligand or protein and between all ligand/protein atom 
pairs (defined as the function f(i,j)) similarly to other methods56. The function maximizes 
the area in contact between atoms with favourable interaction energies while minimizing 
solvent exposed areas and steric clashes.  
The and ε ′i w  interaction energies are such that negative values represent favourable 
interactions and were obtained using an iterative optimization approach. A similar iterative 
approach was used to derive the ITScore potential57. Monte Carlo simulations were used to 
optimize the parameters such that they can discriminate, in as much as possible, between 
native and near-native binding modes (referred as true positives) from low-energy decoys 
(referred as false positives). During the Monte Carlo optimization, the probability of 
changing the value of a pairwise parameter was proportional to the frequency that it was 
observed in the PDBbind dataset used in training to guide the search more efficiently. We 
used the Area Under the Curve (AUC) of Receiver Operator Curves (ROC) as the objective 
optimization function. Independent datasets were used in the Monte Carlo optimizations 
and in the validation the resulting potentials. We iteratively used the best set of interactions 
to enrich the decoys set with harder false positive decoys (lower CF values) as well as 
increased the number of complexes (and their respective decoy sets) in each consecutive 
Monte Carlo optimization (Table 1). 
Decoy sets for consecutive Monte Carlo iterations were generated using FlexAID with 
the best potential obtained in the previous iteration. We utilized the PDBbind28 refined-set 
(release 2012) to predict the native binding modes of an ensemble of crystal structures 
ε ′i ′j
ε ′i w
ε ′i ′j
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representing protein-ligand complexes. The proteins were kept rigid but ligands were fully 
flexible. We excluded complexes for which our method could not successfully predict the 
native binding mode. The remaining complexes (Table 1) had at least 2 true positives (the 
native pose of the ligand from the crystal and a near-native binding mode) and an unlimited 
number of false positives. Each complex utilized had its own decoys set representing 
different conformations and relative positions of the same ligand against its own receptor. 
We used thresholds of RMSD ≤ 1.5Å for ligands with less than 15 heavy atoms58 or RMSD 
≤ 2.0Å otherwise to define true positive decoys. Every decoy had to have an RMSD of at 
least 0.5Å from any other decoy in its decoys set. Complexes in the PDBbind dataset that 
also appear in the Astex diverse or non-native sets were removed. Lastly, in order to 
prevent a bias towards interactions that are highly present in particular protein families, we 
grouped proteins by sequence identity to minimize redundancy. Each protein group was 
given an equal weight during the optimization. We aligned protein sequences using 
ClustalW59. Proteins belonged to the same group if they shared at least 30% sequence 
identity. The final set of pairwise energy terms is presented in Table S2.  
 
General features of FlexAID 
FlexAID is a probabilistic docking program that optimizes the ligand-protein complex by 
minimizing the complementarity function using genetic-algorithms (GA) as search 
procedure. A ligand-protein conformation is referred as an individual within a population. 
Each individual is constituted of one chromosome. Each gene represents one optimization 
variable. Three genes account for the rotation of the ligand and a single gene, that maps 
grid vertices of the binding-site, is used for translation. Each flexible ligand dihedral bond 
represents an extra gene. Furthermore, an extra gene is added for each flexible side-chain to 
map rotameric conformations. Briefly, the GA optimization works in 6 steps. 1. An initial 
population of individuals is generated randomly without any use of pre-existing 
coordinates/conformation of ligands. 2. The complementarity function (CF) evaluates the 
energy of the whole population. 3. The individuals are ranked according to a fitness 
function. 4. The fittest individuals, having a greater probability to reproduce, are selected 
pairwise to produce two new offspring. 5. A new population is created according to a 
reproduction technique. 6. Loop through steps 2 to 5 with the new population. The 
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population converges towards a minimum as the generations increase. We implemented an 
adaptive GA to maintain diversity in the population and prevent early converge to local 
minima60. The probability of the genetic operators (mutation and crossover) increase when 
the population converges to a (potentially local) minimum to generate additional 
conformational diversity in the population and escape the minimum found. Given the 
properties of the selection technique (see below), a solution representing a minimun will 
remain in the population until a lower minimum is found. 
The user can choose between linear or shared (default) fitness functions. Fitness 
functions are mappings that permit to weight individuals according to their CF values to 
further generate diversity in the population and prevent premature convergence. For linear 
fitness, the fitness grows linearly as the CF decreases and acts as a scaling factor. The 
shared fitness function mimics nature, where individuals sharing a specific geographical 
niche (in our case similar pose) need to share resources. Internally, the fitness of 
individuals sharing similar search space is lowered, thus increasing the probability of 
sampling other, less populated regions of the space of solutions. Two different reproduction 
techniques are available to the user: Steady State and Population Boom (default). Briefly, 
Population Boom creates an entirely new population with N individuals according to the 
standard rules to create offspring then combines the old and new populations and selects 
the best fit N individuals out of the 2N. If we denote the fitness of an individual i in 
generation t as ; whereas standard reproduction techniques ensure , 
Population Boom ensures by definition that . In plain words, instead of 
ensuring that a small number of the best-fit individual(s) are kept between two consecutive 
GA generations, Population Boom ensures that the average fitness of the whole population 
will not decrease through the generations. 
FlexAID takes as input a configuration file and a GA parameters file. The GA file 
allows the user to adjust the population size and the number of generations to control the 
length of simulations, to control the parameters of the genetic operators to make them 
adaptive (default) or constant and to change the reproduction technique and the fitness 
function. The configuration file is highly customizable and is used to specify the target and 
the ligand to be docked, define the binding-site, include extra degrees of freedom 
representing ligand and protein flexibility and modify internal parameters of the program. 
fit max( fit+1) ≥max( fit )
f t+1 ≥ f t
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The target and ligand files need to be processed with our auxiliary program Process_Ligand 
in order to derive the Sybyl atom types. PDB, MDL and MOL2 formats are supported for 
the definition of the ligand and target. The processed ligand file encodes an internal 
coordinates system used to incrementally build the ligand into the binding-site. FlexAID 
generates a fixed but customizable number of results written in PDB format (default is 10). 
These represent a geometric clustering of the individuals sampled during the whole 
simulation. For example, in the hypothetical case where the entire population converges to 
a single solution at the end, other sampled good solutions that didn’t necessarily survive to 
the last generation are brought back to life and added to the list of the top ten solutions 
according to their scoring. The user has the option to only output atoms that could move 
during the simulation or output the whole complex. The latter is essential if the user desires 
to re-score complexes with external scoring functions when side-chain flexibility is 
allowed, a missing feature even in modern docking suites12. One final characteristic of 
FlexAID is that in addition to proteins, also nucleic acids (both RNA and DNA) can be 
used as rigid targets. 
 
Side-chain flexibility 
FlexAID uses a flexibility probability scale for side-chain rotamer changes7 (Table S3). The 
probability scale serves as a scaling factor to the genetic algorithm mutation operator. 
Whilst the probability of undergoing conformational changes is used to bias the sampling 
of flexible residues, the user still needs to explicitly define the list of flexible side-chains. 
Our previous analysis7 offers a number of pointers to choose the nature and number of 
flexible residues. Users should preferentially choose side-chains that are highly exposed to 
solvent and when working with X-ray structures, that have high b-factors. Moreover, we 
observed that a maximum of 5 flexible side-chains account for approximately 90% of 
binding-sites. Side-chains are modelled using conformers (actual instances of side-chain 
conformations) or rotamers as defined in the Penultimate Rotamer Library61. For any given 
amino acid, all side-chain rotamers are considered equally probable despite the distinct 
probabilities of rotamers.  
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Docking experiments 
We evaluate our method for the prediction of binding modes on 1) the Astex diverse set 
comprising 85 protein-ligand complexes, 2) the Astex non-native set comprising 1112 
structures representing apo and non-apo forms of 65 proteins from the diverse set16,32, and 
on 3) a critical subset of the HAP2 dataset of 64 entries representing holo/apo protein pairs 
with respect to a given ligand7. We include side-chain flexibility when docking into the 
non-native forms of the proteins. AutoDock Vina and FlexAID describe each degree of 
freedom individually. For FlexAID and AutoDock Vina, the set of flexible side-chains in 
this experiment was restricted to those that are required to move to sterically accommodate 
ligand binding. Such critical side-chains are those where large steric repulsion was 
observed when the ligand is superimposed into the apo or non-apo forms as previously 
defined7. Pre-processed/prepared files ready for simulations for both datasets are available 
for download at our website (see Availability). It is possible that choosing a larger subset of 
flexible side-chains than exclusively those observed to be critical might affect the 
performance of AutoDock Vina and FlexAID. This could permit the placement of ligands 
within the RMSD cut-off that defines a successful docking as a result of spurious side-
chain movements elsewhere. Thus, while the explicit selection of side-chains represents a 
bias on its own, it allows us to do a controlled experiment limiting the search space in a 
focused manner. The list of critical side-chains in each case can be found in our website 
(see Availability). In the case of rDock, the only type of protein flexibility built in is that of 
rotations of polar Hydrogen atoms of binding-site side-chains. While the authors refer to 
these as protein flexibility, it is not equivalent in magnitude to the rotamer changes allowed 
in AutoDock Vina and FlexAID and represents an important limitation of rDock.  
Considering that the native pose of ligands is known in the set of complexes used to 
validate the prediction of binding mode, the search space is reduced by restraining the 
volume of the binding-site to a given volume surrounding the ligand in the native pose. As 
previously observed, the performance of docking methods highly depends on how the 
binding-site is defined14. Ideally, one should select a binding-site definition that is 
equivalent, in terms of size of search space, for all methods evaluated. This is not however 
a straightforward task considering the differences in methodologies between the software. 
We tested multiple binding-site definitions on the Astex diverse set (Figure S7), and for the 
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remaining experiments, we chose definitions that do not under- or overestimate the 
binding-site size as described in the next paragraph. 
In the docking experiments described in this work, clefts defined with GetCleft were 
restricted to retain grid vertices within 5Å of any atom of the ligand. We use the same 
binding-site definition when docking into the non-native forms as well as for the virtual 
screening experiments. AutoDock Vina defines a binding-site using a rectangular box8. In 
order to use a binding-site definition equivalent to that of AutoDock Vina, we defined the 
rectangular box as the smallest one that enclosed the cleft used in the FlexAID simulations. 
Although this binding-site definition may appear as a fair comparison in terms of search 
space, we obtain poor results with AutoDock Vina with this definition of binding-site 
considering that all ligand atoms need to be confined within the volume of the box during 
optimization. Therefore, we chose to expand the rectangular box by 10Å in each 
dimension. With this we obtain significantly better performance, achieving results 
comparable to those obtained by others with AutoDock Vina12. Increasing the box by an 
extra 10Å (20Å in total) does not impact the success rate on the Astex diverse set but 
reduces the success rate on the HAP2 dataset (from 66.1% to 59.7%). The center and size 
of the boxes are available at our website (see Availability). Binding-sites in FlexX are 
defined as the set of protein atoms contained within 6.5Å of the ligand. We define the 
binding-site for rDock using a cavity that extends up to 6.0Å surrounding the reference 
ligand. 
We use the threshold RMSD ≤ 2.0Å as measure of success in binding mode prediction. 
RMSD values for FlexAID, AutoDock Vina and FlexX were obtained from the pairwise 
comparison of atom IDs while those of rDock take into account ligand topological 
symmetries, which could decrease their RMSD. 
In general, whenever one has a sample of a population, bootstrapping36 will generate 
better estimates of the population average and errors than a simple average and errors 
obtained from the sample itself. Ideally, the performance of a docking method should be 
evaluated on thousands of unique proteins. While the benchmark datasets used in this study 
represent an unbiased sample of proteins, they only cover a tiny fraction of biology. To 
derive better estimates of success rates we use bootstrapping with 10000 iterations. The 
error bars shown on Figures 1, 4 and 6 represent the standard errors of the estimates of 
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bootstrapped success rates. The list of PDB entries used for bootstrapping in each of the 
scenario is explicitly described in the Supplementary data (Table S4) as well as on our 
website to facilitate parsing (see Availability). A program may fail on a particular target for 
technical reasons. Therefore, we bootstrapped the results for each program individually 
with its own subset of the Astex dataset to provide the best possible estimation of the 
success rate for each method. In the results section, we also refer to the largest common 
subset, i.e. the subset comprising only cases that were docked with all programs. In the 
non-native docking experiments, for each method we remove from its own subset, proteins 
that could not be predicted in the native form. This allows us to exclude cases that may fail 
because of variables other than protein flexibility. We apply the latter filter as we feel that 
the purpose of non-native docking experiments is to assess the influence of protein 
flexibility. The Astex non-native set is redundant as it contains proteins that were 
crystallized more often than others. To account for this redundancy, the bootstrapping 
procedure is done in 2 separate steps with the selection of proteins in a first step, followed 
by the selection non-native conformers. The contribution of distinct numbers of non-native 
structures is normalized so that each protein contributes equally to the final bootstrap 
average. 
We implemented a grid-computing framework using the BOINC infrastructure62. The 
project NRG@Home (for Najmanovich Research Group at Home) allows people around 
the world to contribute to our work by allowing their computers to perform FlexAID 
simulations using the BOINC screen saver. More information on the project and how to 
join is available at http://bcb.med.usherbrooke.ca/boinc.php. All docking experiments 
described in this work were run on NRG@Home with a fixed number of generations 
(2,000) and chromosomes (1,000) for a total of 2,000,000 energy evaluations. Due to the 
probabilistic nature of genetic algorithms as well as to ensure the return of results from 
BOINC users, we repeat each docking experiment for a given protein-ligand complex 10 
times. 
Preparation of molecules and execution 
We processed and docked the Astex datasets as is; no modification was applied to the 
provided structures as both proteins and ligands were manually curated by the original 
authors to include the assignments of protonation and tautomeric states, the addition of 
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Hydrogens as well as corrections of artifacts in the PDB. 
The structures from the HAP2 critical subset were manually curated as to ensure the 
ligands were cognate or cognate-like with respect to their target. The apo and holo 
structures were processed independently using an automated procedure. The structures 
were pre-processed using REDUCE63. We used the latter to correct artifacts from X-ray 
crystal structures as well as to optimize the H-bond network surrounding the ligand 
allowing us to implicitly define the protonation and tautomeric states of the molecules. For 
the ligands, connectivity files including Hydrogen atoms are provided in the wwPDB HET 
dictionary.  
For all docking experiments presented in this study, the initial conformer of the 
proteins and ligands were used as input for all docking software evaluated. Water 
molecules were removed from the structures. The detailed pipeline for the preparation and 
processing of the molecules is shown as Supplementary data (Figure S8). 
AutoDock Vina requires its input files to be in PDBQT format. The ligands and targets 
containing Hydrogen atoms were prepared using the AutoDockTools utilities from 
MGLTools v1.5.6.  We increased the exhaustiveness to 16 compared to the default value of 
8 when docking with AutoDock Vina as previously done12. We ran FlexX with automatic 
selection of the base fragment (SELBAS a) and with standard optimization procedure 
(PLACEBAS 3). rDock was run with default parameters. When necessary, the molecule 
files were converted using OpenBabel52 to the required format of the utilities and docking 
programs. 
Availability 
FlexAID and its accessory software (GetCleft and Process_Ligand) as well as the 
NRGsuite are free and open-source and are licensed under the GNU General Public License 
3.0. All software is compatible under Windows, MacOS X and Linux. The sources and pre-
compiled bundles are available for download at http://bcb.med.usherbrooke.ca/FlexAID. 
Information is also provided describing all the necessary steps to execute FlexAID in a 
command-line manner as well as within the NRGsuite. The website above also contains the 
input files and relevant information, such as binding-site definitions, used to run the 
AutoDock Vina, FlexX and rDock. 
 
  
86 
86 
ASSOCIATED CONTENT 
 
Supplementary Figures S1 to S8 and Tables S1 to S3. This material is available free of 
charge via the Internet at http://pubs.acs.org. 
 
AUTHOR INFORMATION 
 
Author Contributions 
FG and RJN developed the method, designed the experiments and wrote the 
manuscript. FG performed the calculations. 
 
 Funding Sources 
FG is the recipient of a doctoral Alexander Graham Bell PhD fellowship from the 
National Science and Engineering Research Council (NSERC) of Canada. This project was 
funded by NSERC Discovery Grant RGPIN-2014-05766. 
Acknowledgements 
We are very grateful to all the BOINC users that volunteer in the NRG@Home project 
(http://boinc.med.usherbrooke.ca/nrg/) through the contribution of their CPU time to this 
work. RJN is part of CR-CHUS, a member of the Institute of Pharmacology of Sherbrooke, 
PROTEO (the Québec network for research on protein function, structure and engineering) 
and GRASP (Groupe de Recherche Axé sur la Structure des Protéines). 
  
87 
87 
References 
 
(1) Boehr, D. D.; Nussinov, R.; Wright, P. E. The Role of Dynamic Conformational 
Ensembles in Biomolecular Recognition. Nat Chem Biol 2009, 5, 789–796. 
(2) MacArthur, M. W.; Thornton, J. M. Protein Side-Chain Conformation: a 
Systematic Variation of Chi 1 Mean Values with Resolution - a Consequence of 
Multiple Rotameric States? Acta Crystallogr D 1999, 55, 994–1004. 
(3) Zhao, S.; Goodsell, D. S.; Olson, A. J. Analysis of a Data Set of Paired 
Uncomplexed Protein Structures: New Metrics for Side-Chain Flexibility and 
Model Evaluation. PROTEINS: Structure, Function and Genetics 2001, 43, 271–
279. 
(4) Gutteridge, A.; Thornton, J. Conformational Changes Observed in Enzyme Crystal 
Structures Upon Substrate Binding. J Mol Biol 2005, 346, 21–28. 
(5) Rubin, M. M.; Changeux, J. P. On the Nature of Allosteric Transitions: 
Implications of Non-Exclusive Ligand Binding. J Mol Biol 1966, 21, 265–274. 
(6) Najmanovich, R. J.; Kuttner, J.; Sobolev, V.; Edelman, M. Side-Chain Flexibility 
in Proteins Upon Ligand Binding. PROTEINS: Structure, Function and Genetics 
2000, 39, 261–268. 
(7) Gaudreault, F.; Chartier, M.; Najmanovich, R. J. Side-Chain Rotamer Changes 
Upon Ligand Binding: Common, Crucial, Correlate with Entropy and Rearrange 
Hydrogen Bonding. Bioinformatics 2012, 28, i423–i430. 
(8) Trott, O.; Olson, A. J. AutoDock Vina: Improving the Speed and Accuracy of 
Docking with a New Scoring Function, Efficient Optimization, and Multithreading. 
J Comput Chem 2010, 31, 455–461. 
(9) Rarey, M.; Kramer, B.; Lengauer, T.; Klebe, G. A Fast Flexible Docking Method 
Using an Incremental Construction Algorithm. J Mol Biol 1996, 261, 470–489. 
(10) Kramer, B.; Metz, G.; Rarey, M.; Lengauer, T. Ligand Docking and Screening 
with FlexX. Medicinal Chemistry Research 1999, 9, 463–478. 
(11) Brozell, S. R.; Mukherjee, S.; Balius, T. E.; Roe, D. R.; Case, D. A.; Rizzo, R. C. 
Evaluation of DOCK 6 as a Pose Generation and Database Enrichment Tool. J 
Comput Aided Mol Des 2012, 26, 749–773. 
(12) Ruiz-Carmona, S.; Alvarez-Garcia, D.; Foloppe, N.; Garmendia-Doval, A. B.; 
Juhos, S.; Schmidtke, P.; Barril, X.; Hubbard, R. E.; Morley, S. D. rDock: a Fast, 
Versatile and Open Source Program for Docking Ligands to Proteins and Nucleic 
Acids. PLoS Comput Biol 2014, 10, e1003571. 
(13) Jones, G.; Willett, P.; Glen, R.; Leach, A.; Taylor, R. Development and Validation 
of a Genetic Algorithm for Flexible Docking. J Mol Biol 1997, 267, 727–748. 
(14) Schulz-Gasch, T.; Stahl, M. Binding Site Characteristics in Structure-Based Virtual 
Screening: Evaluation of Current Docking Tools. Journal of Molecular Modeling 
2003, 9, 47–57. 
(15) Claussen, H.; Buning, C.; Rarey, M.; Lengauer, T. FlexE: Efficient Molecular 
Docking Considering Protein Structure Variations. J Mol Biol 2001, 308, 377–395. 
(16) Verdonk, M. L.; Mortenson, P. N.; Hall, R. J.; Hartshorn, M. J.; Murray, C. W. 
Protein-Ligand Docking Against Non-Native Protein Conformers. J Chem Inf 
Model 2008, 48, 2214–2225. 
  
88 
88 
(17) Neves, M. A. C.; Totrov, M.; Abagyan, R. Docking and Scoring with ICM: the 
Benchmarking Results and Strategies for Improvement. J Comput Aided Mol Des 
2012, 26, 675–686. 
(18) Novikov, F. N.; Stroylov, V. S.; Zeifman, A. A.; Stroganov, O. V.; Kulkov, V.; 
Chilov, G. G. Lead Finder Docking and Virtual Screening Evaluation with Astex 
and DUD Test Sets. J Comput Aided Mol Des 2012, 26, 725–735. 
(19) Repasky, M. P.; Murphy, R. B.; Banks, J. L.; Greenwood, J. R.; Tubert-Brohman, 
I.; Bhat, S.; Friesner, R. A. Docking Performance of the Glide Program as 
Evaluated on the Astex and DUD Datasets: a Complete Set of Glide SP Results 
and Selected Results for a New Scoring Function Integrating WaterMap and Glide. 
J Comput Aided Mol Des 2012, 26, 787–799. 
(20) Zavodszky, M.; Kuhn, L. Side-Chain Flexibility in Protein-Ligand Binding: the 
Minimal Rotation Hypothesis. Protein Sci 2005, 14, 1104–1114. 
(21) Sobolev, V.; Wade, R.; Vriend, G.; Edelman, M. Molecular Docking Using 
Surface Complementarity. PROTEINS: Structure, Function and Genetics 1996, 25, 
120–129. 
(22) Sobolev, V.; Edelman, M. Modeling the Quinone-B Binding Site of the 
Photosystem-II Reaction Center Using Notions of Complementarity and Contact-
Surface Between Atoms. Proteins 1995, 21, 214–225. 
(23) Ferrari, A. M.; Wei, B. Q.; Costantino, L.; Shoichet, B. K. Soft Docking and 
Multiple Receptor Conformations in Virtual Screening. J Med Chem 2004, 47, 
5076–5084. 
(24) Samudrala, R.; Levitt, M. Decoys “R” Us: a Database of Incorrect Conformations 
to Improve Protein Structure Prediction. Protein Science 2000, 9, 1399–1401. 
(25) Tobi, D.; Bahar, I. Optimal Design of Protein Docking Potentials: Efficiency and 
Limitations. Proteins 2006, 62, 970–981. 
(26) Shoichet, B. K.; Kuntz, I. D. Protein Docking and Complementarity. J Mol Biol 
1991, 221, 327–346. 
(27) Fan, H.; Schneidman-Duhovny, D.; Irwin, J. J.; Dong, G.; Shoichet, B. K.; Sali, A. 
Statistical Potential for Modeling and Ranking of Protein-Ligand Interactions. J 
Chem Inf Model 2011, 51, 3078–3092. 
(28) Wang, R.; Fang, X.; Lu, Y.; Yang, C.-Y.; Wang, S. The PDBbind Database: 
Methodologies and Updates. J Med Chem 2005, 48, 4111–4119. 
(29) Tanford, C. The Hydrophobic Effect and the Organization of Living Matter. 
Science 1978, 200, 1012–1018. 
(30) Najmanovich, R. J. Side Chain Flexibility Upon Ligand Binding: Docking 
Predictions and Statistical Analysis. PhD Thesis (Feinberg Graduate School, 
Weizmann Institute of Sciences) arXiv:13014564 2004. 
(31) Irwin, J. J. Community Benchmarks for Virtual Screening. J Comput Aided Mol 
Des 2008, 22, 193–199. 
(32) Hartshorn, M. J.; Verdonk, M. L.; Chessari, G.; Brewerton, S. C.; Mooij, W. T. M.; 
Mortenson, P. N.; Murray, C. W. Diverse, High-Quality Test Set for the Validation 
of Protein-Ligand Docking Performance. J Med Chem 2007, 50, 726–741. 
(33) Cole, J. C.; Murray, C. W.; Nissink, J. W. M.; Taylor, R. D.; Taylor, R. Comparing 
Protein-Ligand Docking Programs Is Difficult. Proteins 2005, 60, 325–332. 
(34) Kroemer, R. T.; Vulpetti, A.; McDonald, J. J.; Rohrer, D. C.; Trosset, J.-Y.; 
Giordanetto, F.; Cotesta, S.; McMartin, C.; Kihlén, M.; Stouten, P. F. W. 
  
89 
89 
Assessment of Docking Poses: Interactions-Based Accuracy Classification (IBAC) 
Versus Crystal Structure Deviations. J Chem Inf Comput Sci 2004, 44, 871–881. 
(35) Friesner, R. A.; Banks, J. L.; Murphy, R. B.; Halgren, T. A.; Klicic, J. J.; Mainz, D. 
T.; Repasky, M. P.; Knoll, E. H.; Shelley, M.; Perry, J. K.; Shaw, D. E.; Francis, 
P.; Shenkin, P. S. Glide: a New Approach for Rapid, Accurate Docking and 
Scoring. 1. Method and Assessment of Docking Accuracy. J Med Chem 2004, 47, 
1739–1749. 
(36) Davison, A. C. Bootstrap Methods and Their Application; Cambridge University 
Press: Cambridge, 1997. 
(37) Verkhivker, G.; Bouzida, D.; Gehlhaar, D.; Rejto, P.; Arthurs, S.; Colson, A.; 
Freer, S.; Larson, V.; Luty, B.; Marrone, T.; Rose, P. Deciphering Common 
Failures in Molecular Docking of Ligand- Protein Complexes. J Comput Aided 
Mol Des 2000, 14, 731–751. 
(38) Huang, N.; Shoichet, B. K.; Irwin, J. J. Benchmarking Sets for Molecular Docking. 
J Med Chem 2006, 49, 6789–6801. 
(39) Wang, R.; Lu, Y.; Wang, S. Comparative Evaluation of 11 Scoring Functions for 
Molecular Docking. J Med Chem 2003, 46, 2287–2303. 
(40) Berman, H. M.; Westbrook, J.; Feng, Z.; Gilliland, G.; Bhat, T. N.; Weissig, H.; 
Shindyalov, I. N.; Bourne, P. E. The Protein Data Bank. Nucl. Acids. Res. 2000, 
28, 235–242. 
(41) McGovern, S. L.; Shoichet, B. K. Information Decay in Molecular Docking 
Screens Against Holo, Apo, and Modeled Conformations of Enzymes. J Med 
Chem 2003, 46, 2895–2907. 
(42) Neudert, G.; Klebe, G. DSX: a Knowledge-Based Scoring Function for the 
Assessment of Protein–Ligand Complexes. J Chem Inf Model 2011, 51, 2731–
2745. 
(43) Pham, T. A.; Jain, A. N. Parameter Estimation for Scoring Protein-Ligand 
Interactions Using Negative Training Data. J Med Chem 2006, 49, 5856–5868. 
(44) Cole, J. C.; Murray, C. W.; Nissink, J. W. M.; Taylor, R. D.; Taylor, R. Comparing 
Protein-Ligand Docking Programs Is Difficult. Proteins 2005, 60, 325–332. 
(45) Lorber, D. M.; Shoichet, B. K. Flexible Ligand Docking Using Conformational 
Ensembles. Protein Sci 1998, 7, 938–950. 
(46) Kearsley, S. K.; Underwood, D. J.; Sheridan, R. P.; Miller, M. D. Flexibases: a 
Way to Enhance the Use of Molecular Docking Methods. J Comput Aided Mol Des 
1994, 8, 565–582. 
(47) Cavasotto, C. N.; Kovacs, J. A.; Abagyan, R. Representing Receptor Flexibility in 
Ligand Docking Through Relevant Normal Modes. J Am Chem Soc 2005, 127, 
9632–9640. 
(48) Laskowski, R. Surfnet - a Program for Visualizing Molecular-Surfaces, Cavities, 
and Intermolecular Interactions. Journal of Molecular Graphics 1995, 13, 323–
330. 
(49) Shoichet, B.; Bodian, D.; Kuntz, I. Molecular Docking Using Shape Descriptors. J 
Comput Chem 1992, 13, 380–397. 
(50) Landon, M. R.; Lancia, D. R.; Yu, J.; Thiel, S. C.; Vajda, S. Identification of Hot 
Spots Within Druggable Binding Regions by Computational Solvent Mapping of 
Proteins. J Med Chem 2007, 50, 1231–1240. 
(51) Clark, M.; Cramer, R. D.; Van Opdenbosch, N. Validation of the General Purpose 
  
90 
90 
Tripos 5.2 Force Field. J Comput Chem 1989, 10, 982–1012. 
(52) O'Boyle, N. M.; Banck, M.; James, C. A.; Morley, C.; Vandermeersch, T.; 
Hutchison, G. R. Open Babel: an Open Chemical Toolbox. Journal of 
Cheminformatics 2011, 3, 33. 
(53) Tsai, J.; Taylor, R.; Chothia, C.; Gerstein, M. The Packing Density in Proteins: 
Standard Radii and Volumes. J Mol Biol 1999, 290, 253–266. 
(54) McConkey, B. J.; Sobolev, V.; Edelman, M. Quantification of Protein Surfaces, 
Volumes and Atom-Atom Contacts Using a Constrained Voronoi Procedure. 
Bioinformatics 2002, 18, 1365–1373. 
(55) Shoichet, B.; Leach, A.; Kuntz, I. Ligand Solvation in Molecular Docking. 
PROTEINS: Structure, Function and Genetics 1999, 34, 4–16. 
(56) Verdonk, M. L.; Cole, J. C.; Hartshorn, M. J.; Murray, C. W.; Taylor, R. D. 
Improved Protein-Ligand Docking Using GOLD. Proteins 2003, 52, 609–623. 
(57) Huang, S.-Y.; Zou, X. An Iterative Knowledge-Based Scoring Function to Predict 
Protein-Ligand Interactions: I. Derivation of Interaction Potentials. J Comput Chem 
2006, 27, 1866–1875. 
(58) Verdonk, M. L.; Giangreco, I.; Hall, R. J.; Korb, O.; Mortenson, P. N.; Murray, C. 
W. Docking Performance of Fragments and Druglike Compounds. J Med Chem 
2011, 54, 5422–5431. 
(59) Larkin, M. A.; Blackshields, G.; Brown, N. P.; Chenna, R.; McGettigan, P. A.; 
McWilliam, H.; Valentin, F.; Wallace, I. M.; Wilm, A.; Lopez, R.; Thompson, J. 
D.; Gibson, T. J.; Higgins, D. G. Clustal W and Clustal X Version 2.0. 
Bioinformatics 2007, 23, 2947–2948. 
(60) Srinivas, M.; Patnaik, L. M. Adaptive Probabilities of Crossover and Mutation in 
Genetic Algorithms. Systems, Man and Cybernetics, IEEE Transactions on 1994, 
24, 656–667. 
(61) Lovell, S.; Word, J.; Richardson, J.; Richardson, D. The Penultimate Rotamer 
Library. Proteins 2000, 40, 389–408. 
(62) Anderson, D. P. BOINC: a System for Public-Resource Computing and Storage. 
Fifth IEEE/ACM International Workshop on Grid Computing. In; IEEE, 2004; pp 
4–10. 
(63) Word, J. M.; Lovell, S. C.; Richardson, J. S.; Richardson, D. C. Asparagine and 
Glutamine: Using Hydrogen Atom Contacts in the Choice of Side-Chain Amide 
Orientation. J Mol Biol 1999, 285, 1735–1747. 
 
 
 
  
 
ARTICLE 3 
NRGsuite: A PyMOL plugin to perform docking simulations in real time using 
FlexAID 
 
Auteurs de l’article: Gaudreault, F., Morency, LP. et Najmanovich R. 
 
Statut de l’article: Publié en 2015 dans Bioinformatics. DOI : 
10.1093/bioinformatics/btv458  
 
Avant-propos: J’ai bâti l’infrastructure complète du logiciel ainsi que développé la 
majeure partie des fonctionnalités avec l’aide d’Eugène Morin. J’ai rédigé la documentation 
et mis en place tous les outils nécessaires afin de rapidement compiler et déployer le 
logiciel sous Windows, Mac OS X et Linux. Louis-Philippe a inclus un menu 
supplémentaire permettant de modifier les préférences de l’utilisateur et a participé à la 
résolution de pépins techniques. Rafael Najmanovich a rédigé l’article. 
 
Résumé: Une grande majorité des méthodes d’arrimage moléculaire est difficilement 
accessible aux non-experts dans le domaine pour de multiples raisons. Entre autres, certains 
logiciels ne possèdent aucune interface graphique nécessitant des connaissances 
approfondies en informatique. De plus, certains logiciels requièrent beaucoup de travail 
manuel et de paramétrisation nécessitant une connaissance en biologie computationnelle. 
Nous avons développé une interface graphique appelée la NRGsuite intégrant différents 
outils développés au sein du laboratoire. La NRGsuite est un module d’extension du 
logiciel PyMOL, le logiciel de visualisation de molécules le plus utilisé mondialement. Le 
module inclut notre logiciel d’arrimage moléculaire FlexAID ainsi que notre outil de 
détection de cavités GetCleft. La NRGsuite a été développée de manière à simplifier 
l’arrimage moléculaire en limitant le nombre d’étapes requises au processus d’arrimage. 
Par l’interface GetCleft, il est possible 1) d’identifier les cavités d’une cible d’intérêt, 2) de 
les remodeler au besoin et 3) d’estimer leur volume. L’interface FlexAID permet entre 
autres 1) de définir un ligand et une cible d’intérêt provenant de sources diverses, 2) de 
définir le site de liaison à partir de cavités définies par GetCleft, 3) d’ajouter des chaînes 
latérales flexibles au besoin et 4) de visionner la simulation en temps réel ainsi que les 
résultats. Grâce à sa simplicité, le logiciel est destiné à devenir un outil indispensable 
d’apprentissage en milieu académique. 
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Abstract 
Ligand protein docking simulations play a fundamental role in understanding molecular 
recognition. Herein we introduce the NRGsuite, a PyMOL plugin that permits the detection 
of surface cavities in proteins, their refinements, calculation of volume and use, 
individually or jointly, as target binding-sites for docking simulations with FlexAID. The 
NRGsuite offers the users control over a large number of important parameters in docking 
simulations including the assignment of flexible side-chains and definition of geometric 
constraints. Furthermore, the NRGsuite permits the visualization of the docking simulation 
in real time. The NRGsuite give access to powerful docking simulations that can be used in 
structure-guided drug design as well as an educational tool. The NRGsuite is implemented 
in Python and C/C++ with an easy to use package installer. The NRGsuite is available for 
Windows, Linux and MacOS. 
Availability: http://bcb.med.usherbrooke.ca/flexaid. 
Introduction 
Docking simulations can be used to understand the specificity and selectivity of ligands as 
well as guide in the identification and design of inhibitors. Docking simulations seek to 
address three interdependent but distinct problems: 1. The prediction of the structure of a 
ligand-protein complex (binding mode), 2. The discrimination of binders from non-binders 
(virtual screening) and 3. The prediction of binding affinities. Docking methods are not yet 
successful in these three tasks simultaneously (Huang et al., 2010). FlexAID was primarily 
developed with the task of predicting binding modes. When docking on non native-
complex structure (i.e., the structure of the target was not crystallized in the presence of the 
ligand of interest), FlexAID has been shown (Gaudreault and Najmanovich, 2015) to 
outperform existing methods such as AutoDock Vina (Trott and Olson, 2010) and FlexX 
(Kramer et al., 1999) irrespective of target flexibility as well as rDock (RuizCarmona et al., 
2014) when side-chain conformational changes are crucial. 
PyMOL (DeLano) is a powerful, open source program for molecular visualization 
that allows users to extend the capabilities of the program via plugins. The source code of 
the latest version 1.7.6 of PyMOL is available in Sourceforge. Two PyMOL plugins exist 
for docking simulations (Seeliger and de Groot, 2010; Lill and Danielson, 2011), both use 
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AutoDock Vina and require additional software compilation/installation. The latter permits 
docking with SLIDE (Zavodszky et al., 2002) but requires an AMBER license. 
A number of docking web-servers exist, including SwissDock (Grosdidier et al., 
2011), istar (Li et al., 2014), Rosetta (Combs et al., 2013), and DOCK Blaster (Irwin et al., 
2009) primarily focused on virtual screening. In this work we present the NRGsuite, an 
open-source and self-contained precompiled PyMOL plugin (for PyMOL versions 1.2 and 
above) focused on the prediction of binding-poses with docking simulations. The NRGsuite 
cohesively combines tools we develop (GetCleft and FlexAID) into an intuitive and 
project-oriented environment making structure-guided drug design accessible to non-
experts. 
 
GetCleft 
The definition of the binding-site is important in docking simulations. Whereas in the case 
of single chain enzymes the binding-site lies within the largest cleft in 83% of cases 
(Laskowski et al., 1996), the volume occupied by the binding-site within this cleft is 
smaller (Glaser et al., 2006; Kahraman et al., 2007). At a practical level, easy to use tools 
for the detection, refinement and measurement of the volume of buried cavities and surface 
clefts are not readily available. In the NRGsuite we implement the SURFNET algorithm 
(Laskowski, 1995) to detect surface clefts and buried cavities in proteins and nucleic acids. 
Our implementation of the SURFNET algorithm is called GetCleft. In short, for every pair 
of atoms in the macromolecule, we assess the possibility of placing a sphere midpoint 
between them with the largest possible radius within a user-defined range that does not 
overlap with the van der Walls surface of any atom. Surface exposed clefts as well as 
buried cavities are defined by the union of overlapping spheres and are roughly sorted by 
volume. The user can refine the shape of any cleft or cavity interactively and accurately 
measure their volumes (Figure S1). Users can save and utilize any original or refined cleft 
and cavities as target binding-sites in docking simulations. Whereas an alternative PyMOL 
plugin for the detection of cavities is available for Linux and Windows (Oliveira et al., 
2014) the resulting cavities cannot be used with FlexAID and the NRGsuite. 
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FlexAID 
Input files. Both target and ligand can be defined from the list of PyMOL objects or loaded 
from a previously saved NRGsuite session. Ligands can also be input with the use of 
SMILES strings. SMILES strings can be easily found in databases such as PubChem or 
ChEMBL for existing molecules or produced with chemoinformatics software. FlexAID 
utilizes internal coordinates and defines automatically an anchor ligand atom as the center 
of rotation and translation. Users can however choose to define the anchor atom 
themselves. Targets must be loaded into PyMOL but are not restricted to experimental 
structures, homology models can also be used. For further details see (Gaudreault and 
Najmanovich, 2015). 
Target configuration. In this panel users can define the binding-site search area, for 
example using a cleft previously defined with GetCleft. Users can select and use more than 
one cleft at the same time to perform a global search when the binding-site is unknown and 
interactively choose binding-site flexible side chains. 
Ligand configuration. Users have full control on ligand degrees of freedom. 
Whereas rotational and translational degrees of freedom are set by default, in specific 
situations a user may wish to restrict them. Users can manually choose individual ligand 
bonds as flexible. In all cases the original ligand pose can be used as reference to calculate 
RMSD values. Lastly, users can set distance constraints that can be used to emulate 
covalent docking (Duchêne et al., 2014). 
Scoring configuration. Other ligands present in complex with the target are 
considered by default while water molecules are ignored; again, the user may change these 
settings as well as the van der Walls permeability (decreasing the penalty for steric 
clashes). Irrespective of the inclusion of structural water molecules in the simulation, 
FlexAID considers solvent interactions implicitly. Users can define a solvent exclusion 
force or use the pairwise energy parameters considering the implicit solvent as an extra 
atomtype. In this panel it is also possible to change the step size used for sampling 
translational, rotational and internal (dihedral angles) degrees of freedom of the ligand as 
well as the sampling of sidechain rotameric conformations. 
Genetic algorithm parameters. FlexAID uses a genetic algorithm. A number of 
important parameters, notably the number of chromosomes and generations can be defined 
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in this panel. Additionally, the number of top results that are visualized during the 
simulation and the frequency (in numbers of generations) to refresh the visualization can be 
set. 
Simulate. Once all parameters are set, users can start the simulation and observe in 
real time the display of the selected number of top solutions as the simulation progresses 
(Figure S2). At the end of the simulation the top 10 results obtained and their potential 
hydrogen bonds with the target are displayed. Simulations can be paused, stopped or 
aborted. Paused simulations can be restarted and the final genetic algorithm population of 
solutions from stopped or completed simulations can be used to as the initial population to 
start a new simulation continuing where the previous one has stopped. The continuation of 
a simulation can only be done when all parameters remain the same except for the genetic 
algorithm parameters that can be changed. Users can also reload previous simulation results 
as well as inspect the parameters used. 
 
Conclusions 
The NRGsuite PyMOL plugin is easy to install, available for MacOS, Linux and 
Windows. It gives access to state-of-the-art docking simulations using FlexAID as well as 
the analysis of buried cavities and surface clefts using GetCleft. The NRGsuite can be used 
for the prediction of binding poses to understand molecular recognition and in structure-
guided drug design. In our experience the NRGsuite is also an invaluable educational tool. 
An extensive manual is available as supplementary information and online at 
http://bcb.med.usherbrooke.ca/flexaid for up-to-date versions. 
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APPLICATION À LA MATRIPTASE-2 
Introduction 
La Matriptase-2 est une protéase extracellulaire faisant partie de la grande famille des 
sérines protéases transmembranaires de type II. Par son clivage protéolytique de 
l’hémojuvéline, la Matriptase-2 régule la production d’hepcidine, une hormone clé 
impliquée dans l’homéostasie du fer (Ramsay et al., 2009). Son dérégulement est associé à 
une forme d’anémie associée à une déficience en fer et résistante aux traitements usuels (De 
Falco et al., 2013). Une inhibition de l’enzyme serait donc bénéfique chez les gens atteints 
d’hémochromatose, une maladie associée à une surcharge de fer dans l’organisme. Un 
nombre important de structures de la Matriptase, une protéine cousine de la même famille, 
existe dans la littérature étant donné ses implications dans le cancer. Malgré qu’aucune 
structure de la Matriptase-2 ne soit présentement disponible, nous disposons de tous les 
outils nécessaires afin de procéder à une stratégie de DMBS : une plateforme mature 
d’arrimage moléculaire applicable à haut débit ainsi que la possibilité de générer un modèle 
par homologie. 
Il existe chez l’humain plus de 566 différentes protéases dont au moins 273 sont 
situées à l’extérieur de la cellule (Overall et Blobel, 2007). Il va de soi que plusieurs de ces 
protéases sont très apparentées structuralement et dynamiquement de par leur conservation 
de séquence (Puente et al., 2003). Ces ressemblances structurales rendent particulièrement 
difficile la conception d’inhibiteurs sélectifs ciblant le site catalytique des enzymes 
(Karaman et al., 2008). L’inhibition allostérique d’une enzyme est une alternative 
alléchante lors du développement d’inhibiteurs étant donné que les sites allostériques 
divergent beaucoup en séquence de même qu’en structure (Nussinov et Tsai, 2013). En 
s’attardant plutôt sur une région moins conservée que le site catalytique de la protéine, 
l’inhibition allostérique permet d’atteindre une sélectivité plus accrue envers la cible 
d’intérêt. Il y a d’ailleurs émergence dans la littérature d’une telle approche ciblant entre 
autres certains membres de grandes familles protéiques des récepteurs couplés aux 
protéines G (Wootten et al., 2013) ou des kinases (Foda et Seeliger, 2014). 
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L’allostérie se définit comme le processus selon lequel une molécule peut 
transmettre un signal suite à sa liaison, d’un site à un autre site distal et fonctionnel 
permettant ainsi une régulation de l’activité (Motlagh et al., 2014). Différents mécanismes 
ont été proposés afin de tenter de comprendre ces évènements d’allostérie. Nussinov et 
collègues ont suggéré qu’en liant la cible d’intérêt, le modulateur allostérique peut 
perturber l’ensemble conformationnel en équilibre thermodynamique et que l’efficacité du 
modulateur est couplée au changement observé dans la population des états (Nussinov et 
al., 2014). Par exemple, le modulateur allostérique pourrait favoriser une forme inactive de 
la protéine aux dépens de la forme active pouvant ainsi nuire à la liaison au substrat naturel 
de l’enzyme. De plus, il a aussi été suggéré qu’une régulation allostérique pouvait être le 
fruit d’effets entropiques (Cooper et Dryden, 1984). Ce second mécanisme plus 
difficilement observable et quantifiable expérimentalement, communément référé par 
l’allostérie dynamique (ou dynamic allostery), implique que la liaison du modulateur 
affecte l’entropie conformationnelle de la cible sans toutefois perturber sa structure 
moyenne. Suite à la liaison du modulateur allostérique, une augmentation d’entropie de la 
cible peut être observée menant inévitablement à une perte entropique plus importante lors 
de la liaison au substrat naturel. 
 La stratégie de découverte de médicaments par approche par fragments est 
couramment utilisée afin de faciliter et accélérer la découverte de nouvelles molécules à 
effets thérapeutiques potentiels. Cette stratégie, lorsque couplée à des méthodes 
bioinformatiques, consiste en premier lieu à prédire la liaison d’une petite banque de 
fragments, pour ensuite procéder à une détection expérimentale de liaison à la cible 
d’intérêt des meilleurs fragments. Notamment, il a été démontré qu’en plus d’offrir une 
diversité chimique plus grande, l’utilisation de fragments permet d’obtenir de meilleurs 
ratios de composés actifs (ou succès) comparativement à l’utilisation de composés plus 
larges (Chen et Shoichet, 2009). Malgré que ces fragments possèdent généralement une 
affinité faible pour leur cible étant donné leur faible poids moléculaire ainsi qu’une 
spécificité restreinte étant donné le nombre limité d’interactions formées, ces fragments 
présentent généralement des métriques élevées d’efficacité de ligand (ou ligand efficiency) 
(Carr et al., 2005). Les fragments détectés servent donc de piliers solides au développement 
de composés plus imposants et spécifiques. 
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 Plusieurs banques commerciales de fragments ont été développées au fil des années 
afin d’offrir des fragments couvrant le plus efficacement l’espace chimique de la biologie 
(http://www.enamine.net; http://www.maybridge.com; http://www.chembridge.com), ou 
voire même profilé pour un système biologique précis (http://www.otavachemicals.com). 
Une recherche active, à laquelle un consortium formé de plusieurs groupes de recherche 
contribue, est toujours en cours afin d’assurer le développement de banques de fragments 
moins biaisées dans l’espace chimique et tridimensionnel (Morley et al., 2013). Ces 
banques possèdent quelques milliers de fragments et les cataloguent afin de simplifier leur 
achat lorsque des validations expérimentales sont requises. De plus, les fragments compris 
dans ces banques obéissent normalement à une règle de trois (Congreve et al., 2003),  
c.-à-d. une suite de règles décrivant les propriétés chimiques communément observées chez 
les fragments actifs toutes cibles confondues. 
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Matériel et méthodes 
Modélisation de la structure 
La structure de la Matriptase-2 a été obtenue par modélisation par homologie. Le domaine 
catalytique de la Matriptase partage une grande homologie de séquence avec celui de la 
Matriptase-2 (45,3% d’identité et 71,4% de similarité). Nous avons modélisé le domaine 
catalytique de la Matriptase-2 à partir d’un cristal du domaine catalytique de la Matriptase 
(code PDB 1EAX) à l’aide du serveur de modélisation automatisé en ligne SWISS-
MODEL (Schwede, 2003). Une minimisation des modèles par l’algorithme point col (ou 
steepest descent) à l’aide du champ de force GROMOS (Schuler et al., 2001) est effectuée 
lors du processus. Le modèle de plus basse énergie prédite a été sélectionné. 
 
Préparation des molécules 
Dans notre approche de découverte de médicaments basée sur la structure, nous avons 
utilisé la banque de fragments Enamine Golden Fragment Library (EGFL; 
http://www.enamine.net) ainsi que des composés provenant de la banque de données ZINC 
(Irwin et Shoichet, 2005). Les structures initiales des molécules EGFL et ZINC sont sous 
divers formats de fichiers (SDF et MOL2), peuvent être planaires et peuvent contenir 
uniquement les atomes lourds ou non. Nous avons utilisé la boîte à outils OpenBabel 
(O’Boyle et al., 2011) afin 1) d’assurer la conversion entre les différents formats de fichiers 
requis par les logiciels utilisés, 2) d’ajouter les atomes d’hydrogène et 3) de dériver une 
structure tridimensionnelle stable pour chacun des fragments. Toutes les molécules ont été 
traitées selon un processus automatisé à pH 7,0. Les états de tautomérisation et de 
protonation des molécules ont été définis implicitement lors du processus. L’outil 
Process_Ligand a été utilisé afin de dériver les types d’atomes requis par FlexAID 
(Gaudreault et Najmanovich, 2015). 
 
Arrimage moléculaire des fragments 
Les simulations d’arrimage moléculaire ont été effectuées avec le logiciel FlexAID par la 
plateforme à haut débit NRG@Home (Gaudreault et Najmanovich, 2015). Étant donné la 
nature probabilistique de la méthode, chaque simulation a été répétée 20 fois. Les 
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simulations ont été effectuées avec l’ensemble des paramètres suivants: 500 chromosomes, 
500 générations, taux d’enjambement (ou crossover) et mutation de 0.90 et 0.025, pénalité 
de solvatation de -2.0 et intervalles de distance, angle, angle dièdre, lien rotationnel de 
0.25Å, 2.5°, 2.5°, 10° et espacement entre les intersections de la grille du site de liaison de 
0.375Å. Les matrices d’interactions entre différents types d’atome utilisés sont la 
nrg_mat_BEST_012012, la M6_cons_3 et la MC_st0r5.2_6 (pour les composés ZINC). 
Nous avons effectué des simulations en considérant tous les liens rotationnels des 
fragments. Certains degrés de liberté additionnels ont été ajoutés afin de tenir compte de la 
flexibilité protéique. Pour la Matriptase-2, nous avons effectué des simulations sans et avec 
inclusion des chaînes latérales Arginine 168 et Arginine 222 étant donné la probabilité 
élevée de cet acide aminé à être observée sous un autre état lors de la liaison d’une petite 
molécule.  
Nous avons utilisé la banque de fragments EGFL comprenant 1190 fragments. Les 
fragments ont un poids moléculaire qui oscille entre 150 et 300 Da et un nombre d’atomes 
lourds entre 8 et 22. Les fragments obéissent à une règle de trois précédemment postulée 
(Congreve et al., 2003) comprenant entre autres les filtres suivants: logarithme du 
coefficient de partition octanol-eau ≤ 3, nombre de donneurs ou accepteurs de pont 
hydrogène ≤ 3 et nombre de liens rotationnels ≤ 3. 
 
Repointage des résultats d’arrimage 
Les structures prédites par arrimage moléculaire des complexes protéine-ligand 
représentent des minimums locaux de la fonction de pointage de FlexAID. Ces minimums 
locaux diffèrent entre les fonctions de pointage étant donné les nombreuses différences au 
niveau de la paramétrisation de ces fonctions. Par conséquent, les structures ont d’abord été 
minimisées à l’aide du logiciel GROMACS 4.5.1 (Van Der Spoel et al., 2005) dans une 
boîte contenant de l’eau de type TIP3P en utilisant la méthode de gradient conjugué. Pour 
les protéines, nous avons utilisé les paramètres du champ de force AMBER03. Nous avons 
paramétré le champ de force GAFF (Wang et al., 2004a) à l’aide du logiciel Antechamber 
(Wang et al., 2006) pour les ligands. Ces derniers ont ensuite été convertis au format de 
fichier GROMACS par ACPYPE (Sousa da Silva et Vranken, 2012). Les charges partielles 
des atomes ont été calculées à l’aide de l’algorithme PEOE de Gasteiger et Marsilli 
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(Gasteiger et Marsili, 1980). Les complexes minimisés ont été repointés par MM/GBSA 
(Massova et Kollman, 2000) en utilisant le modèle de solvatation Born généralisé HCT 
(Hawkins et al., 1995). Les résultats ont été repointés en considérant l’état lié et non liée de 
la protéine, du ligand et du complexe. L’affinité de liaison a été estimée à partir selon les 
équations décrites précédemment (Duchêne et al., 2014). 
 
Validations expérimentales 
Les essais d’activité et de liaison contre la Matriptase et la Matriptase-2 ont été réalisés par 
François Béliveau du laboratoire du Pr. Richard Leduc à l’Institut de Pharmacologie de 
l’Université de Sherbrooke. Pour les essais d’activité: La Matriptase-2 (1 nM) a été 
préincubée une heure à 25°C en présence des fragments EGFL (10 µM). L’activité 
protéolytique a été mesurée par clivage du peptide Boc-QAR-AMP (50 µM) et en 
surveillant l’émission de fluorescence. Pour les essais de liaison: La concentration de 
Matriptase et de Matriptase-2 est de 0.24 nM; les concentrations d’inhibiteur utilisées sont 
0.00, 8.25, 16.50 et 33.00 µM; les concentrations du substrat Boc-QAR-AMP sont 20, 40, 
60, 100, 160, 200, 300 et 400 µM. La cinétique de liaison a été évaluée à 25°C et capturée 
toutes les 30 secondes pendant deux heures. 
 
Généralités 
Toutes les analyses statistiques et tous les graphiques ont été générés à l’aide du logiciel R 
(Team, 2015). L’analyse des structures tridimensionnelles a été effectuée à l’aide du 
logiciel PyMOL (Delano, 2009). Nous avons utilisé Marvin pour dessiner et montrer les 
structures bidimensionnelles des composés: Marvin 15.6.1, 2015, ChemAxon 
(http://www.chemaxon.com). 
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Résultats 
Analyse de la structure 
Étant donné qu’aucune structure de la protéine n’est disponible dans la Protein Data Bank 
(PDB), nous avons généré un modèle par homologie de la Matriptase-2 à partir d’un cristal 
de la Matriptase. La structure utilisée comme gabarit est sous forme holo et est liée à la 
petite molécule inhibitrice benzamidine. La séquence du domaine catalytique de la 
Matriptase-2 possède 235 résidus contre 238 pour la Matriptase. Les deux protéines 
partagent plus de 45% d’identité (71% de similarité) permettant de simplifier la détection 
d’homologie à un simple alignement de séquence. Par le fait même, les deux protéines ont 
une structure tertiaire conservée et très similaire avec un RMSD de 0.26Å en comparant 
uniquement les atomes du squelette peptidique des résidus alignés (Figure 5). La structure 
de notre modèle est très similaire à une autre structure prédite de la Matriptase-2 obtenue 
lors d’une autre étude (Duchêne et al., 2014) avec un RMSD de 0.35Å en considérant tous 
les atomes. 
 
Figure 5 – Modèle par homologie de la Matriptase-2 
Superposition du domaine catalytique du modèle par homologie de la Matriptase-2 (beige) 
à celui d’un cristal (code PDB 1EAX) de la Matriptase (bleu). Les deux domaines ont une 
structure tridimensionnelle très similaire de par leur identité de séquence élevée. 
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À l’aide de l’outil de détection de cavités GetCleft (Gaudreault et al., 2015), notre propre 
implémentation de l’algorithme SURFNET (Laskowski, 1995), nous avons identifié les 
cavités à la surface de la protéine étant donné leurs caractéristiques propices à la liaison de 
petites molécules (R A Laskowski et al., 1996) (Figure 6). Nous avons défini 6 cavités au 
total excluant le site catalytique uniquement utilisé en guise de contrôle dans les 
expériences qui suivent. Nous définissons ces cavités comme sites allostériques potentiels 
étant donné leur volume suffisant pour accommoder un ligand et leurs propriétés distales au 
site catalytique. Pour chacun des sites, nous avons calculé le volume et la surface accessible 
au solvant à partir duquel nous avons estimé un indice d’hydrophobicité afin de mieux les 
caractériser (Tableau 1). Les surfaces ont été calculées à l’aide de l’algorithme Vcontacts 
(McConkey et al., 2002). Nous remarquons que les sites allostériques #2 et #5 sont plus 
volumineux que les autres sites tout en ayant des propriétés distinctes d’hydrophobicité. Le 
site allostérique #2 possède l’index d’hydrophobicité le plus faible parmi tous les sites avec 
0,22 inversement au site #5 qui possède l’index le plus élevé avec 0,54. Les sites #1, #3, #4 
et #6 sont plus petits et couvrent une large gamme d’hydrophobicité s’étendant de 0,22 à 
0,44. 
 
 
Figure 6 – Sites allostériques de la Matriptase-2 
Faces de front (A), de dos (B) et du dessus (C) de la structure du domaine catalytique de la 
Matriptase-2 (beige). Le site catalytique (non indiqué) couvre la majeure partie de la face 
de front. Les sites allostériques potentiels de la protéine ont été déterminés par l’outil de 
détection de cavités appelé GetCleft. Chacune des cavités de la protéine est identifiée et 
indiquée par une couleur unique: #1 (cyan), #2 (rose), #3 (jaune), #4 (rouge), #5 (blanc) et 
#6 (mauve). 
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Tableau 1 – Propriétés des cavités considérées pour l’arrimage moléculaire 
Site 
Surface exposée (A2) 
Volume (A3) 
Totale  Hydrophobea 
Allostérique #1 278 122 (0,44) 334 
Allostérique #2 308 67 (0,22) 650 
Allostérique #3 259 96 (0,37) 256 
Allostérique #4 181 49 (0,27) 333 
Allostérique #5 370 200 (0,54) 743 
Allostérique #6 237 105 (0,44) 385 
Catalytique 689 291 (0,42) 1040 
a Le nombre indiqué entre parenthèses est un index d’hydrophobicité représentant le ratio 
de la surface hydrophobe par rapport à la surface totale. Plus le ratio est élevé plus la 
surface du site en question est hydrophobe. 
 
Criblage virtuel des fragments 
Nous avons utilisé l’arrimage moléculaire dans le but de sonder tous les fragments de la 
banque Enamine Golden Fragment Library (EGFL) contre chacune des cavités 
individuellement. Nous avons effectué plusieurs courtes simulations (20 simulations à 
seulement 250,000 évaluations énergétiques) avec le logiciel FlexAID afin de bien couvrir 
l’espace de recherche des complexes protéine-ligand. Tous les résultats d’arrimage ont été 
repointés à l’aide de la fonction de pointage MM/GBSA afin de prédire de manière plus 
précise l’affinité de liaison. Nous avons calculé la moyenne des énergies prédites par 
MM/GBSA pour l’ensemble des fragments (Figure 7). Nous observons l’ordre suivant pour 
les sites potentiels: #3, #4, #1, #6, #2 et #5 (du moins au plus favorable). De façon générale, 
nous observons une tendance selon laquelle les sites plus volumineux ont une énergie 
moyenne plus basse et plus favorable que les sites plus petits (R A Laskowski et al., 1996). 
Nos résultats indiquent que le site allostérique #5 est le site privilégié considérant que 
l’énergie moyenne est la plus basse et comparable à celle du site catalytique dans lequel le 
substrat naturel se lie. 
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Figure 7 – Identification d’un site allostérique potentiel 
Valeurs moyennes d’énergie prédites par MM/GBSA (MM/GBSA Score) pour l’ensemble 
des fragments de la banque de fragments EGFL contre les sites allostériques potentiels. Le 
site catalytique est utilisé comme contrôle positif. Une valeur plus basse d’énergie est 
indicatrice d’une région plus propice à la liaison de petites molécules. 
 
 Nous avons sélectionné le site allostérique #5 et avons procédé à d’autres essais 
d’arrimage moléculaire avec FlexAID en y incluant ou pas la flexibilité au niveau de deux 
chaînes latérales Arginine localisées (R168 et R222) et prédites comme ayant une haute 
probabilité de flexibilité selon des résultats obtenus précédemment (Gaudreault et al., 
2012). Toutes les prédictions ont été recueillies et pour chaque ligand unique la 
conformation à plus basse énergie a été sélectionnée. Nous observons une tendance entre la 
valeur prédite d’énergie et le nombre d’atomes des fragments (Figure 8). De façon 
générale, plus le nombre d’atomes est grand plus l’énergie moyenne est favorable. Bien que 
cette tendance pourrait forte probablement être expliquée par les divers biais des fonctions 
de pointage, il n’empêche pas que celle-ci peut refléter que la cavité soit assez volumineuse 
pour enfouir davantage de groupements non polaires de même que former davantage 
d’interactions polaires avec des ligands plus imposants. 
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Figure 8 – Profil de liaison des fragments contre la Matriptase-2 
Distribution des énergies prédites par MM/GBSA (MM/GBSA Score) des fragments de la 
banque EGFL contre le site allostérique #5 en fonction du nombre d’atomes lourds des 
fragments. Plus la valeur prédite est faible, plus la liaison est forte. Un seuil a été fixé (ligne 
quadrillée) afin de définir un ensemble de composés fortement probable à lier la cible au 
site d’intérêt. Les fragments achetés sont illustrés en rouge. 
 
 Nous avons arbitrairement fixé un seuil d’énergie à -150 comme seuil brusque 
permettant de discriminer les composés prédits comme étant fortement et faiblement 
probables à lier dans le but de mieux comprendre les caractéristiques et déterminants 
structuraux requis à la liaison au site allostérique. Nous définissons ces deux ensembles 
comme l’ensemble liant et non liant ci-bas. L’ensemble liant comprend 26 fragments 
représentant près de 2% du nombre total de fragments de la banque EGFL. Nous avons 
analysé et comparé certaines propriétés physico-chimiques entre les deux ensembles 
(Tableau 2). Nos résultats indiquent que les propriétés suivantes sont significativement 
différentes: nombre d’accepteurs et de donneurs de pont hydrogène, nombre de liens 
rotationnels et solubilité dans l’eau. De manière générale, les fragments de l’ensemble liant 
tendent 1) à avoir moins de donneurs de pont hydrogène au détriment d’accepteurs étant 
donné leur surface accessible polaire similaire, 2) à être plus flexible et 3) à avoir une plus 
faible solubilité dans l’eau sans n’être toutefois plus lipophile. Aucune différence 
significative n’est observée lorsque des fragments sont sélectionnés au hasard nous 
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indiquant que ces propriétés sont caractéristiques aux fragments prédits comme liant 
fortement. 
Tableau 2 – Propriétés entre ensembles liant et non liant 
Propriété 
Valeura P-valueb 
Liant Non liant Calculé Aléatoirec 
Nombre d’accepteurs 2.7 ± 0.5 2.4 ± 0.6 0.00169 0.50 ± 0.30 
Nombre de donneurs 0.4 ± 0.6 0.8 ± 0.6 0.00092 0.51 ± 0.25 
Nombre de liens rotationnels 2.4 ± 0.6 2.0 ± 0.9 0.00166 0.51 ± 0.35 
Lipophilicitéd 2.0 ± 0.6 1.9 ± 0.9 0.45 0.60 ± 0.27 
Solubilité dans l’eaue -3.7 ± 1.2 -2.7 ± 1.3 0.00015 0.47 ± 0.33 
Surface accessible polairef 47.6 ± 9.2 45.0 ± 10.6 0.18 0.64 ± 0.25 
Perméabilité cellulaireg 2570 ± 1538 2246 ± 1964 0.30 0.53 ± 0.27 
a Toutes les données analysées proviennent de la Enamine Golden Fragment Library. 
L’ensemble liant comprend 26 fragments contre 1164 pour l’ensemble non liant. 
b Les P-value ont été calculés à l’aide du test de Student en considérant l’hypothèse 
alternative que les deux échantillons soient différent pour une propriété donnée. 
c Le P-value aléatoire est calculé en extrayant au hasard un ensemble de composés de même 
taille que l’ensemble liant. La valeur est moyennée sur 20 répétitions. 
d La lipophilicité d’un composé est calculée à partir de l’indice LogP. 
e La solubilité d’un composé est calculée à partir de l’indice LogS. 
f Communément référé sous l’indice PSA. Mesure exprimée en Å2. 
g Perméabilité calculée en culture cellulaire Caco 2. Mesure exprimée en nm/sec. 
 
Validations expérimentales et analyse du fragment actif 
Nous avons sélectionné et nous sommes procuré quelques fragments de l’ensemble liant en 
se basant sur la valeur d’énergie, la disponibilité et le prix des composés. La structure 
bidimensionnelle des composés est montrée à la Figure 9. En collaboration avec le 
laboratoire du Pr. Richard Leduc, nous avons testé l’activité catalytique de l’enzyme 
Matriptase-2 en présence des différents composés (Figure 10). Les valeurs brutes d’activité 
sont disponibles en Annexe D. Les validations expérimentales indiquent que la majorité des 
composés ont très peu ou peu d’impact sur l’activité catalytique de l’enzyme. La moitié des 
composés ont une activité réduite plus faible que 5% tandis que 4 composés ont une activité 
réduite entre 5% et 10%. Le composé T0501-6952 a un impact plus important sur la 
réduction d’activité avec ~22%. 
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Figure 9 – Fragments sélectionnés et validés expérimentalement 
Structure bidimensionnelle des fragments T0501-6952 (1), T5541999 (2), T5641544 (3), 
T5667087 (4), T5731363 (5), T5847102 (6), T5865076 (7), T5964572 (8), T6041335 (9) et  
T6049947 (10). 
 
 
Figure 10 – Mesure expérimentale d’activité enzymatique 
Activité résiduelle de la Matriptase-2 en présence des différents fragments sélectionnés de 
la banque EGFL. 
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Nous avons corrélé la réduction d’activité individuellement avec chacune des propriétés 
décrites au Tableau 1 afin de tenter de décrire les différences d’activité observées. La 
réduction d’activité corrèle positivement et le plus fortement avec la lipophilicité 
(corrélation de 0.60) nous indiquant que plus le composé a des propriétés hydrophobiques, 
plus ce dernier a un impact important sur l’activité (Tableau 3). Inversement, la réduction 
d’activité corrèle négativement, mais plus faiblement qu’avec la lipophilicité, avec des 
propriétés indicatrices d’hydrophilicité tels la surface accessible polaire, la solubilité dans 
l’eau et à une certaine mesure le nombre d’accepteurs (corrélations de -0.40, -0.27 et -0.16).  
 
Tableau 3 – Corrélation entre la réduction d’activité et les propriétés des composés 
Propriétéa Corrélationb 
Nombre d’accepteurs -0.16 
Nombre de donneurs 0.02 
Nombre de liens rotationnels -0.06 
Lipophilicité 0.60 
Solubilité dans l’eau -0.27 
Surface accessible polaire -0.40 
Perméabilité cellulaire -0.01 
a Voir Tableau 1 pour une description des propriétés. 
b Les corrélations ont été calculées avec le coefficient de corrélation Pearson. 
 
 
 Nos résultats démontrent que le fragment lie le plus fortement au site allostérique #5 
de manière absolue, c.-à-d. en comparant pour chacun des sites la valeur énergétique du 
complexe protéine-ligand prédit par arrimage moléculaire et comme étant le plus stable 
selon les prédictions d’énergie MM/GBSA. De plus, le fragment T0501-6952 montre un 
écart d’énergie plus important par rapport à la moyenne soulignant une liaison 
préférentielle du fragment pour ce site allostérique (Figure 11). 
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Figure 11 – Liaison préférentielle aux sites 
Valeurs centrées réduites d’énergie prédites par MM/GBSA (MM/GBSA Z-Score) du 
fragment T0501-6952 provenant de la banque de fragments EGFL contre les sites 
allostériques potentiels. Plus la valeur est négative, plus le fragment est prédit comme liant 
fortement au site donné comparativement à la moyenne. Le site catalytique est utilisé 
comme contrôle négatif. Les valeurs absolues d’énergie contre les sites sont -123, -94,        
-112, -76, -96, -152 et -89 (de gauche à droite). 
 
 
 Le nom chimique du fragment T0501-6952 est le (2Z,6E)-4-methyl-2,6-bis(pyridin-
3-ylmethylidene)cyclohexan-1-one. Il est possible de schématiser le fragment comme un 
noyau cyclohexane lié à un groupement méthyle, un carbonyle et deux groupements 
pyridyle à chacune de ses extrémités. Les groupements pyridyle sont relativement plus 
polaires que le noyau cyclohexane et tous les groupements polaires de la molécule agissent 
comme des accepteurs de pont hydrogène. Des expériences supplémentaires d’essais de 
liaison pour ce fragment ont montré que l’inhibition est de type non compétitif (Figure 
12A) et que le fragment a une constante d’inhibition (Ki) moyennée de 243 µM (Annexe C 
– Figure S1). De plus, le fragment semble être sélectif à la Matriptase-2, car aucune 
inhibition n’est observable lors d’essais de liaison contre la Matriptase (Figure 12B et 
Annexe C – Figure S2). 
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Figure 12 – Essais de compétition avec le substrat 
Courbes Michaelis-Menten de cinétique de liaison du fragment T0501-6952 (Enamine-1) 
contre la Matriptase-2 (A – Mat2) et la Matriptase (B – Mat) à concentration croissante de 
substrat (Boc-QAR-AMC).  
 
Nous avons procédé à une analyse structurale du complexe représentant la Matriptase-2 liée 
au fragment T0501-6952 prédit comme ayant la plus basse énergie. Nous observons que le 
fragment ancre son noyau cyclohexane dans une pochette comprenant majoritairement des 
atomes aux propriétés hydrophobiques (Figure 13A). La pochette expose les atomes des 
résidus hydrophobes Tyrosine 83, Tyrosine 91, Valine 93 et Valine 226 ainsi que des 
atomes non polaires des résidus polaires Arginine 168 et Thréonine 221. De plus, le 
fragment expose ses groupements polaires à la surface en exposant les deux groupements 
pyridine ainsi que le groupement carbonyle. Par contre, le fragment ne forme aucun pont 
hydrogène spécifique avec la cible puisque les groupements fonctionnels de l’Arginine 222 
et de la Thréonine 224 sont trop éloignés pour interagir. Le complexe prédit présente une 
bonne complémentarité de surface permettant ainsi de maximiser les forces van der Waals 
entre la cible et le ligand (Figure 13B). 
A
B
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Figure 13 – Mode de liaison potentiel du fragment actif 
Visualisation de la structure secondaire et bâtonnets (A) et visualisation en surfaces (B) 
d’une vue du dessus du mode de liaison prédit du fragment T0501-6952 contre le site 
allostérique #5. Le complexe a été obtenu par arrimage moléculaire avec FlexAID suivi 
d’une minimisation avec GROMACS. Le fragment se lie dans une pochette hydrophobique 
et ne forme aucun pont hydrogène avec la cible. 
 
  
  
114 
114 
Criblage virtuel et analyse des composés ZINC 
Nous avons effectué une recherche dans la base de données ZINC (Irwin et Shoichet, 2005) 
dans le but d’extraire des composés à structure similaire à notre composé actif T0501-6952. 
Nous avons cherché pour des composés ayant une structure contenant le noyau cyclohexane 
lié aux groupements méthyle et carbonyle et ayant le code SMILES 
C=C1CC(C)CC(=C)C1=O. 355 composés de ZINC obéissent aux contraintes imposées. 
Toutefois, plusieurs composés possèdent une chaîne carbonée plus longue qui ne pourrait 
être accommodée au site de liaison (par exemple éthyle ou butyle) au lieu du groupement 
méthyle du noyau cyclohexane. Nous avons imposé manuellement une contrainte 
supplémentaire afin de nous assurer que le noyau de la molécule active demeure intact. 123 
composés finaux ont été sélectionnés et certains exemples sont montrés en Figure 14. 
 
 
Figure 14 – Exemples de ligands ZINC sélectionnés 
Structure bidimensionnelle de composés ZINC comprenant un noyau identique au fragment 
actif T0501-6952. 
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Figure 15 – Distribution des composés ZINC 
Distribution des valeurs centrées réduites d’énergie prédites par MM/GBSA (MM/GBSA 
Z-Score) des composés ZINC contre le site allostérique #5. Plus la valeur est négative, plus 
le composé ZINC est prédit comme liant fortement au site comparativement au fragment 
T0501-6952. 
 
 
 Nous avons effectué l’arrimage moléculaire des composés ZINC sélectionnés 
uniquement contre le site allostérique #5 en y incluant ou pas la flexibilité protéique. Les 
résultats montrent que 94 composés (76%) sont prédits comme liant plus fortement que le 
fragment actif (Figure 15). Les composés ZINC sélectionnés ont en moyenne 28 atomes 
lourds contre 22 pour le fragment actif. Comme mentionné ci-haut, cette haute proportion 
de composés liant plus fortement pourrait aussi être expliquée par la tendance à la fonction 
de pointage à attribuer une valeur énergétique plus forte aux composés plus imposants. 
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Tableau 4 – Énergies prédites des dix meilleurs composés ZINC 
Composé ZINCa 
Énergie préditeb Mode de liaison 
respectéc Absolue Centrée réduite 
ZINC83332258 -228 -3.3 X 
ZINC20115326 -224 -3.1 X 
ZINC16405634 -218 -2.8  
ZINC20115452 -215 -2.7  
ZINC16608301 -215 -2.7  
ZINC36612623 -212 -2.6  
ZINC12475005 -212 -2.6  
ZINC83332264 -212 -2.5  
ZINC16608287 -211 -2.5  
ZINC20115331 -209 -2.4 X 
a Les composés sont classés en ordre d'énergie prédite 
b Énergie prédite par la fonction de pointage MM/GBSA 
c Le composé est prédit comme ayant le même mode de liaison que le fragment actif 
 
 Nous avons procédé à une analyse structurale des dix composés ZINC prédits 
comme liant le plus fortement la Matriptase-2. La distribution des énergies est disponible 
au Tableau 4. Nous nous sommes intéressés à savoir si ces composés possédaient un mode 
de liaison similaire au fragment T0501-6952, c.-à-d. ayant leur noyau cyclohexane ancré à 
l'intérieur de la pochette hydrophobe. De façon intéressante, les deux seuls composés ayant 
une valeur centrée réduite plus faible que -3 (ZINC83332258 et ZINC20115326) lient la 
cible dans la même orientation. Une analyse des complexes prédits révèle que 
ZINC20115326 interagit plus spécifiquement avec la cible que ZINC83332258 en formant 
deux ponts hydrogène avec l'Arginine 222 et l'Histidine 81 (Figure 16). 
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Figure 16 – Modes de liaison potentiels des deux meilleurs composés ZINC 
Visualisation de la structure secondaire et bâtonnets (A et C) et visualisation en surfaces (B 
et D) d’une vue du dessus du mode de liaison prédit des composés ZINC20115326 (A et B) 
et ZINC83332258 (C et D) contre le site allostérique #5. Les complexes ont été obtenus par 
arrimage moléculaire avec FlexAID suivi d’une minimisation avec GROMACS. 
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Discussion 
L’objectif du projet sur la Matriptase-2 consistait en l’identification d’une petite molécule 
pouvant agir comme inhibiteur allostérique. Une des premières tâches consistait à 
l’identification d’un site propice à la liaison de petites molécules de par sa géométrie et la 
nature des acides aminés le composant. Les régions chaudes (ou hot spots) d’une protéine 
se définissent comme un ensemble d’acides aminés à proximité dans l’espace conférant une 
fraction importante de l’énergie de liaison. À l’aide d’une méthodologie basée sur 
l’utilisation de fragments et similaire à celles observées dans la prédiction de régions 
chaudes (Brenke et al., 2009), nous avons identifié une des cavités prédite comme site 
allostérique potentiel. La découverte de ce site ne s’est faite qu’à partir de critères 
géométriques et n’a pu être détectée à l’aide d’outils de détection de sites allostériques 
(Goncearenco et al., 2013; Huang et al., 2013). Nous observons que les propriétés de ce 
site allostérique sont en accord avec les propriétés des fragments prédits comme liants la 
cible selon les prédictions d’énergie MM/GBSA. Entre autres, 1) le site allostérique prédit 
est le plus hydrophobe de tous les sites tandis que les fragments liants sont moins solubles 
dans l’eau que ceux non liants; 2) la géométrie du site allostérique tend à favoriser la 
liaison à des accepteurs de ponts hydrogène (chaînes latérales des résidus Arginine 168 et 
222, Histidine 81 et Thréonine 224) tandis que les fragments liants tendent à avoir plus 
d’accepteurs au détriment de donneurs. 
L’inhibition allostérique d’une enzyme est particulièrement bénéfique, car elle 
permet une meilleure sélectivité de la cible permettant ainsi de minimiser les effets 
secondaires liés à la réactivité croisée (Hardy et Wells, 2004). Dans cette étude, nous avons 
utilisé la Matriptase comme protéine gabarit lors de la modélisation, car les deux protéines 
présentent une homologie de séquence très forte. Une comparaison locale du site 
allostérique #5 entre les deux protéines montre que le site d’intérêt n’est pas conservé 
(Figure 17). En effet, des différences majeures sont observées dans la structure du site. 
Malgré que les propriétés hydrophobiques de la pochette demeurent essentiellement les 
mêmes, les résidus de la Matriptase introduisent des chaînes latérales plus imposantes 
limitant ainsi le volume dans lequel une molécule pourrait s’y insérer (Valine 93, Glycine 
225 et Valine 226 pour la Matripase-2 et Isoleucine 103, Leucine 233 et Phenylalanine 234 
pour la Matriptase). Par le fait même, la Phénylalanine 234 de la Matriptase agit comme 
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barrière et bloque entièrement la cavité dans laquelle le noyau cyclohexane de la molécule 
active est prédit si insérer. Une autre différence est observée pour le résidu Thréonine 224 
de la Matriptase-2 (Proline 232 pour la Matriptase) qui pourrait être exploitable à rendre un 
inhibiteur plus spécifique envers la Matriptase-2 via la formation d’un pont hydrogène 
supplémentaire et par conséquent d’être plus sélectif à une seule des deux protéines. 
 
 
Figure 17 – Superposition d’un site allostérique de la Matriptase et Matriptase-2 
Vue du dessus du site allostérique #5 de la Matriptase (bleue) et de la Matriptase-2 (beige). 
Uniquement les acides aminés différents ont été identifiés. Le site allostérique n’est pas 
entièrement conservé et présente des différences majeures; la Matriptase intègre des résidus 
plus imposants au site de liaison. 
 
Malgré que les expériences réalisées dans cette étude ne nous permettent pas 
d’affirmer hors de tout doute que le composé actif se lie au site prédit, beaucoup 
d’évidences nous portent à croire que si. Les évidences expérimentales montrent que le 
fragment ne compétitionne pas avec le substrat naturel au site actif de l’enzyme, car celui-ci 
est en mesure de lier aussi bien l’enzyme seule que l’enzyme complexée au substrat. Ces 
résultats nous renseignent d’ailleurs indirectement sur la dynamique de la protéine. 
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Advenant que le fragment se lie à un site allostérique distal, la protéine ne subit pas de 
changements structuraux majeurs assez importants de manière à affecter la géométrie et 
l’accessibilité au site allostérique. Ce résultat est en accord avec des prédictions ayant été 
obtenues à l’aide d’un serveur de modélisation de dynamique protéique (Frappier et al., 
2015) selon lesquelles nous n’observons aucun changement structurel majeur notable. De 
plus, à partir de la technique d’arrimage moléculaire, nous avons échantillonné plusieurs 
modes de liaison hautement probables de notre fragment actif contre chacune des cavités 
prédites et les avons validées à l’aide d’une fonction de pointage plus précise. Selon nos 
prédictions, le deuxième site le plus favorable énergétiquement est le site allostérique #2. Il 
serait étonnant que le composé se lie à ce site étant donné l’hydrophilicité de la pochette 
versus l’hydrophobicité du composé. En fait, aucune des autres pochettes prédites ne 
possède une densité aussi élevée de groupements hydrophobes. Des essais de liaison 
supplémentaires contre une Matriptase-2 portant la mutation V226F (Valine 226 pour une 
Phenylalanine), sans que celle-ci affecte la stabilité protéique, permettraient de soutenir 
l'hypothèse que le ligand se lie à la cavité prédite. 
Une étude précédente a démontré l'importance d'une région non structurée des 
protéases à sérine lors de leur liaison à un substrat naturel (Ganesan et al., 2009). Plus 
spécifiquement, les auteurs ont démontré que la boucle 99 (numérotation chez la 
chymotrypsine), une boucle aussi présente chez la Matriptase-2 et adjacente entre le site 
catalytique et le site allostérique #5, est essentielle à l'interaction avec le substrat naturel de 
l'enzyme par un remodelage des régions P2/P4 du site catalytique. Ganesan et collègues ont 
montré que leur anticorps interagit avec la boucle 99 et amène un changement dans la 
population des états accessibles par une stabilisation d'une forme inactive de la protéine 
Hepatocyte Growth Factor Activator (HGFA). Ce changement de population est indicateur 
d'une inhibition compétitive de nature allostérique selon leurs essais. Les résultats obtenus 
de Ganesan et collègues permettent de nous pencher sur un mécanisme d'allostérie potentiel 
de notre fragment actif. Ce dernier est prédit comme se liant au site allostérique #5 et 
interagissant avec une partie de la boucle 99 (Figure 18). Toutefois, dans notre cas les 
essais de liaison au substrat ont révélé une inhibition non compétitive. Ces résultats sont 
plutôt indicateurs d'un mécanisme d'allostérie dynamique, selon lequel notre fragment actif 
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pourrait altérer la dynamique de la protéine et de la boucle en question, sans toutefois 
amener un changement drastique dans la population des états accessibles. 
 
 
Figure 18 – Visualisation de l'interaction boucle-fragment actif 
Vue de côté du site allostérique #5 représentant le fragment actif (bâtonnets) interagissant 
près de la boucle 99 (nomenclature chez la chymotrypsine – bleue) de la Matriptase-2 
(beige). Les trois résidus de la triade catalytique (Histidine 41, Aspartate 92 et Sérine 186) 
sont montrés (lignes). L'interaction entre la boucle et le fragment pourrait affecter la 
dynamique au site catalytique. 
  
 Malgré que la constante d’inhibition du fragment actif soit relativement élevée, il est 
important de noter que le composé actif ne demeure qu’un fragment et que celui-ci servira 
de piliers au développement d’une nouvelle molécule. Une bonne fraction de la cavité du 
site allostérique #5 demeure toujours exploitable à former davantage d'interactions afin 
d'augmenter la spécificité de la petite molécule. Effectivement, le fragment occupe 
approximativement 50% du volume total de la cavité et plusieurs groupements fonctionnels 
d'acides aminés demeurent accessibles aux extrémités des groupements pyridyle du 
fragment actif par exemple les résidus Histidine 81, Tyrosine 83, Tyrosine 91, Arginine 
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168, Arginine 222 et Thréonine 224. Les étapes subséquentes ont d'ailleurs consisté en 
l'identification et l'arrimage d'une liste de molécules candidates accessibles 
commercialement ayant des groupements fonctionnels uniques à ces extrémités et pouvant 
potentiellement aller chercher cette spécificité. Nous avons restreint cette liste à des 
composés conservant le noyau cyclohexane lié à un méthyle selon la prémisse que la pose 
prédite du fragment actif était bonne et que ce noyau devait s'ancrer à l'intérieur de la 
pochette hydrophobique (Figure 13). Toutefois, notre approche plutôt gourmande n'est 
basée sur aucune donnée expérimentale valable et peut être aurait-il été préférable d'inclure 
la totalité des 355 composés identifiés initialement afin de ne pas biaiser la recherche de 
composés vers un échafaudage précis. Malgré tout, les résultats d'arrimage montrent que les 
deux molécules prédites comme liant le plus fortement la cible sont aussi prédites comme 
liant selon le même mode de liaison que notre fragment actif (Figure 16). Les étapes 
suivantes consisteront à valider expérimentalement la liaison, entre autres de ces deux 
composés, et de mesurer leur affinité de même que de démontrer leur sélectivité envers la 
Matriptase-2. Ces deux composés semblent se lier à partir d'importantes contributions 1) 
entropiques de désolvatation, car les composés présentent une hydrophobicité relativement 
élevée d'où leur énergie élevée de désolvatation apolaire selon la base de données ZINC 
(20,35 kcal/mol pour ZINC83332258 et 17,18 kcal/mol pour ZINC20115326) de même 2) 
qu'enthalpiques étant donné leur bonne complémentarité de surface avec la cible. Toutefois, 
le composé ZINC20115326 est prédit comme se liant de manière plus spécifique en 
formant deux ponts hydrogène avec les résidus Histidine 81 et Arginine 222. Dans la 
mesure où ces deux composés seraient démontrés expérimentalement comme liant notre 
cible, il serait préférable de procéder de l'avant avec le composé ZINC20115326. En effet, 
les composés aux propriétés plus lipophiles sont généralement associés à une toxicité plus 
forte; ZINC83332258 a une surface polaire encore plus faible que ZINC20115326 avec 
24Å2 contre 54Å2 (Hughes et al., 2008). De plus, la lipophilicité a un impact sur les 
propriétés d'absorption, de distribution et du métabolisme (Gleeson, 2008). 
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RÉSULTATS SUPPLÉMENTAIRES ET DISCUSSION 
La flexibilité des protéines 
Les évènements de reconnaissance moléculaire incluent dans une grande proportion des 
cas, des réarrangements de la protéine s’étalant de mouvements mineurs impliquant des 
déplacements de chaînes latérales à des mouvements majeurs impliquant des 
réarrangements du squelette peptide de la protéine. Notre étude fondamentale sur la 
flexibilité protéique a permis de mieux comprendre l’étendue ainsi que la nature des 
déplacements de chaînes latérales localisées au site de liaison. Nous désirions axer l’étude 
envers les changements mineurs considérant leur fréquence élevée et par conséquent avons 
bâti une base de données comprenant dans la mesure du possible uniquement des cas de 
déplacements mineurs. Nous nous sommes assurés de corriger les divers biais 
méthodologiques introduits par les autres études. En ayant plutôt utilisé une approche 
rotamérique afin de détecter les déplacements, les conclusions tirées de notre étude sont 
plus facilement applicables dans un contexte d’arrimage moléculaire dans lequel les 
approches rotamériques sont couramment utilisées. De plus, ayant porté une attention 
particulière au raffinement de la base de données, nous nous sommes assuré dans la mesure 
du possible d’étudier exclusivement la flexibilité d’acides aminés ayant subi une pression 
sélective afin de lier le substrat naturel de la protéine. L’étude de cette base de données est 
ainsi particulièrement bénéfique lors du développement d’une nouvelle molécule 
thérapeutique compétitrice pour le site actif. 
Des expériences en ingénierie des protéines ont montré qu’afin de lier son substrat 
naturel plus fortement, une protéine tend à favoriser évolutivement les contributions 
enthalpiques (Tinberg et al., 2013). Afin de favoriser ces contributions, le site de liaison 
doit inévitablement être préorganisé et rigidifié selon les principes de compensation 
enthalpie-entropie (Williams et al., 2004). Il serait légitime de croire que les résidus du site 
de liaison ayant subi une pression sélective pour lier leur substrat fortement puissent se 
comporter différemment en étant plus rigides. Une des conclusions tirées de notre étude est 
que les déplacements de chaînes latérales sont principalement le fruit d’effets entropiques 
associés à une liberté de mouvement plus grande, corroborant ainsi avec certains résultats 
d’autres études ayant brièvement effleuré le sujet (Betts et Sternberg, 1999; Najmanovich et 
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al., 2000; Gutteridge et Thornton, 2005). D’ailleurs, nous observons une corrélation entre 
notre échelle de flexibilité avec les différences d’entropie configurationnelle des acides 
aminés. Bien que l’échelle de flexibilité est pratique en arrimage moléculaire, celle-ci ne 
nous permet pas de valider l’hypothèse stipulée; une corrélation pourrait aussi être observée 
si toutes les probabilités de déplacement étaient réduites. Il aurait été intéressant de dériver 
une valeur contrôle de flexibilité dans notre étude, soit en incluant plusieurs formes non 
liées des protéines similairement à l’étude de Gutteridge et collègues ou soit en étudiant la 
flexibilité en parallèle à d’autres sites distaux moins conservés. 
 
Figure 19 – Corrélations entre les facteurs B et le SAS 
Corrélations entre les facteurs B relatifs et les surfaces accessibles au solvant normalisées 
pour les chaînes latérales rigides (bleu) et flexibles (vert). 
 
La nature des déplacements observés peut être expliquée en grande partie par une 
flexibilité intrinsèque des acides aminés. En nous fiant uniquement à la structure non liée 
des protéines, nous avons remarqué que les chaînes latérales flexibles ont tendance à avoir 
des facteurs B et une surface accessible au solvant plus élevés. En ayant utilisé des mesures 
quantitatives pour ces deux indices, il serait possible de discriminer plus efficacement 
quelles chaînes latérales devraient être priorisées lors des simulations d’arrimage 
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moléculaire (Figure 19). Les facteurs B sont une mesure présente uniquement chez les 
structures cristallines. Toutefois, il en demeure possible d’estimer les facteurs B à partir des 
multiples conformations d’une structure résolue par RMN et voire même à partir d’un 
modèle par homologie par l’utilisation d’ENCoM, un outil basé sur l’analyse de modes 
normaux (Frappier et Najmanovich, 2014). Nous avons aussi remarqué que les chaînes 
latérales chargées positivement ont tendance à demeurer rigides si celles-ci sont stabilisées 
par des ponts hydrogène formés avec la protéine ou des molécules d’eau ordonnées. Notre 
étude a permis de mieux comprendre la nature des déplacements de chaînes latérales 
lorsque certaines mesures quantitatives sont traitées de manière indépendante. Toutefois, 
certaines de ces mesures sont intimement reliées ou redondantes. Par exemple, une chaîne 
latérale stabilisée par des ponts hydrogène ou plus enfouie aura tendance à être contrainte 
de mouvement et avoir un facteur B plus faible. Il aurait été intéressant d’analyser la 
flexibilité dans le contexte spécifique d’une chaîne latérale. Selon une approche 
d’apprentissage automatisée, nous aurions pu entraîner un modèle prédictif de façon à ce 
que celui-ci intègre une variété d’informations simultanément: facteurs B, surfaces 
accessibles au solvant, entropie configurationnelle, nombre de liens flexibles, nombre de 
ponts hydrogène, chaînes latérales à proximité, etc. Ce modèle permettrait de gérer 
implicitement la redondance et de générer une réponse probabilistique du statut de 
flexibilité de la chaîne latérale en question. Plusieurs types de modèles pourraient être 
envisageables: un réseau de neurones artificiels, un arbre décisionnel, une machine à 
vecteur de support, etc. 
 
Développement de FlexAID et de la NRGsuite 
La fonction de complémentarité 
Contrairement à la grande majorité des autres fonctions de pointage qui définissent les 
interactions, particulièrement celles des ponts hydrogène, à l’aide de contraintes 
géométriques strictes, la fonction de complémentarité (CF) est basée sur l’utilisation de 
surfaces en contact conférant à la fonction une nature plus permissive. La version initiale de 
la CF assumait que les propriétés chimiques des atomes pouvaient être représentées que par 
8 types d’atomes. En plus de sursimplifier ces propriétés, la fonction par défaut assumait 
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que tous les types d’interactions étaient favorables et défavorables de manière équivalente. 
Mes travaux ont permis le développement d’une nouvelle fonction de pointage décrivant 
mieux les propriétés des atomes par l’utilisation de la liste de types d’atome Sybyl. Par 
exemple, les oxygènes de groupements carboxyle et carbonyle se voient attribués les types 
d’atomes O.co2 et O.2 tandis qu’avec les anciens types d’atomes ceux-ci étaient traités 
comme ayant les mêmes propriétés chimiques et se voyaient attribué le type accepteur. Les 
contributions énergétiques entre les différents types d’atomes Sybyl ont été optimisées 
selon une démarche d’apprentissage automatisé à partir d’une banque de conformations 
leurres de manière à être en mesure de discriminer les bonnes poses d’arrimage des 
mauvaises. D’ailleurs, l’utilisation de leurres est répandue lors du développement ou du 
renforcement d’une fonction de pointage dans les domaines de la prédiction de structure ou 
d’arrimage moléculaire protéine-protéine (Jernigan et Bahar, 1996; Samudrala et Levitt, 
2000; Chuang et al., 2008). Malgré quelques exceptions (Pham et Jain, 2006; Fan et al., 
2011), les fonctions en arrimage protéine-ligand négligent l’impact que l’utilisation de 
leurres pourrait avoir. Sans avoir imposé aucune contrainte lors de l’optimisation, les 
contributions énergétiques optimisées de la CF sont intuitives chimiquement, par exemple 
les interactions polaires plus fortes sont celles impliquant des types d’atomes intégrant 
implicitement une charge partielle plus prononcée et il est plus pénalisant d’exposer un 
atome hydrophobe au solvant qu’un atome polaire. Entre autres grâce au développement de 
la CF, les résultats d’arrimage moléculaire en prédiction du mode de liaison contre les 
formes liées des bancs d’essai Astex et HAP2 révèlent que les performances de FlexAID se 
rapprochent considérablement de celles des logiciels des plus utilisés comme AutoDock et 
FlexX (Sousa et al., 2013). 
Un des objectifs du projet était de développer une nouvelle fonction de pointage 
lisse permettant d’accommoder jusqu’à une certaine mesure les mouvements de faible 
envergure des protéines. Contrairement aux potentiels lisses décrits dans l’introduction et 
qui permettent une certaine perméabilité van der Waals par l’atténuation du terme répulsif, 
la CF a été optimisée de manière à ce que, dans la mesure du possible, chacun de ses termes 
soit lisse. Nous avons utilisé une approche itérative et avons enrichi l’ensemble de leurres à 
partir d’informations positives et négatives décrivant des minimums locaux. En plus de 
devoir discriminer les bonnes poses d’arrimage des mauvaises d’un ensemble de plus en 
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plus difficilement discriminable, les contributions énergétiques devaient être généralisées 
pour des milliers de complexes protéine-ligand. La méthodologie employée a fait en sorte 
que la nature de la CF est devenue plus lisse au fil des itérations. Les résultats de prédiction 
du mode de liaison contre les formes non liées des bancs d’essai de Astex et de HAP2 
montrent que FlexAID obtient de meilleures performances que les autres méthodes 
comparées, plus particulièrement lorsque des déplacements de chaînes latérales sont requis 
pour accommoder stériquement le ligand au site de liaison. Ces résultats ont un impact 
majeur étant donné qu’ils illustrent qu’une méthode comme FlexAID, intégrant une 
fonction de pointage à nature plus lisse et permissive, performe mieux que ses rivaux dans 
le scénario le plus réaliste d’arrimage moléculaire dans lequel la conformation de la 
protéine est inconnue. 
Étant donné que FlexAID nécessite des calculs de surfaces en contact, l’évaluation 
énergétique d’un complexe est plus lente en comparaison à une méthode nécessitant de 
calculer uniquement des distances. Toutefois, il serait valable de croire, étant donné la 
nature lisse du paysage énergétique de la CF, que la recherche puisse être simplifiée et par 
conséquent que moins d’évaluations énergétiques soient requises. 
 
La représentation 
La simplicité d’utilisation 
La fonction de pointage de FlexAID se base sur l’utilisation de types d’atomes pour décrire 
les propriétés chimiques des atomes. Bien que cette utilisation mène inévitablement à une 
perte de sensibilité, celle-ci ajoute à la simplicité de la méthode. En n’ayant pas à calculer 
la charge partielle des atomes et à définir explicitement les atomes d'hydrogène, la fonction 
nécessite moins de paramétrisation et par conséquent rend celle-ci plus accessible. Comme 
toute approche d’apprentissage automatisée nécessitant un entraînement, il en va de soi que 
la CF performera bien dans les conditions dans laquelle elle a été optimisée. La CF a été 
optimisée à partir de milliers de cristaux représentant des complexes protéine-ligand. Étant 
donné que les états de protonation ne sont pas toujours connus dus aux limitations des 
techniques expérimentales, nous avons fait le choix d’inclure ces inexactitudes dans le 
processus soit en traitant préalablement toutes les structures de manière automatisée. En 
faisant partie intégrante de l’optimisation, ces inexactitudes ont été moyennées sur des 
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milliers de structures afin de rendre la CF, dans la mesure du possible, insensible aux états 
de protonation. Bref, la méthodologie automatisée et employée pour paramétrer la CF est 
très pratique, car elle permet une utilisation directe des structures cristallines et ne nécessite 
pas d’avoir à les inspecter manuellement. 
La simplicité de notre méthode a permis le développement de la NRGsuite, une 
interface graphique facile d’utilisation minimisant les étapes requises à son utilisation. 
Preuve à l’appui, la NRGsuite a servi lors de nombreux cours de travaux pratiques afin 
d’enseigner l’arrimage moléculaire à des étudiants gradués et non gradués en 
pharmacologie et en biochimie. Par la NRGsuite, les utilisateurs peuvent effectuer une 
simulation en n’ayant qu’à définir leur cible et leur ligand ainsi que le site de liaison. Si ce 
denier est inconnu, il est possible d’effectuer l’arrimage contre toutes les cavités prédites à 
la surface de la protéine. Cependant, la version présente de la NRGsuite est limitée à la 
prédiction du mode de liaison et n’alloue pas à un utilisateur d’effectuer un criblage virtuel 
contre une protéine. Il serait envisageable d’implémenter un module supplémentaire 
permettant d’effectuer ce type d’étude. Ce module pourrait être en communication avec 
notre plateforme NRG@Home afin d’aller chercher les ressources computationnelles 
nécessaires et d’accélérer le processus. L’intégration d’un pipeline de repointage sera 
requise considérant les limitations de la CF en classement de composés. Afin de maintenir 
la simplicité de la NRGsuite, des fonctions de pointage basées sur les observations 
devraient être idéalement choisies. 
 
La flexibilité protéique 
Les changements structuraux observés lors de la liaison à un ligand sont fréquents et 
s’étendent de changements mineurs impliquant un déplacement de chaînes latérales à 
majeurs impliquant un mouvement du squelette peptidique. Notre étude sur la flexibilité 
des chaînes latérales souligne l’importance d’introduire la flexibilité des chaînes latérales 
dans les outils de modélisation en montrant que celle-ci est très fréquente et que dans près 
du tiers des sites de liaison flexibles celle-ci est critique stériquement afin de permettre la 
liaison au ligand. Selon nos résultats, un logiciel d’arrimage moléculaire n’introduisant 
aucune flexibilité protéique serait incapable de prédire la pose exacte du ligand observée 
dans le cristal sous la forme liée dans 28% des cas lors d’arrimage contre des protéines sous 
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la forme non liée. Un des objectifs de ma thèse consistait au développement d’une nouvelle 
fonction de pointage plus précise et de nature lisse de manière à tenir compte d’une certaine 
flexibilité intrinsèque. Zavodszky et collègues ont proposé l’hypothèse que les chaînes 
latérales subissent un minimum de déplacement pour accommoder le ligand au site de 
liaison (Zavodszky, 2005). L’hypothèse stipule que ces déplacements sont généralement de 
l’ordre d’une rotation de 15° n’impliquant pas un changement dans le rotamère de la chaîne 
latérale. Dans notre étude fondamentale, nous avons quantifié cette hypothèse et avons 
observé que celle-ci est valide dans 22% des résidus critiques à la liaison, c.-à-d. les résidus 
qui doivent subir un réarrangement pour accommoder stériquement le ligand au site de 
liaison. La nouvelle fonction de pointage de FlexAID permet d’accommoder ces 
mouvements plus minimes des chaînes latérales étant donné la nature plus lisse du paysage 
énergétique. La CF permet aussi d’inclure implicitement des déplacements mineurs du 
squelette peptide engendrés par le déplacement de chaînes latérales (Davis et al., 2006). 
Bien que les approches MRC gèrent aussi ce type de mouvements, celles-ci doivent traiter 
chaque structure explicitement lors de l’arrimage moléculaire. Cela met l’emphase sur la 
balance entre l’astringence d’une fonction et la complexité de la représentation, menant 
inévitablement à une explosion combinatorielle de l’espace de recherche. Bien qu’une 
fonction lisse simplifie dans une certaine mesure les lois de la nature, elle ne nécessite 
l’inclusion d’aucun degré de liberté additionnel pour représenter de tels mouvements 
contrairement à une fonction astringente qui devrait en inclure même pour tenir compte de 
mouvements aussi faibles. Cependant, d’autres résultats de notre étude fondamentale 
montrent qu’une fonction lisse ne suffit pas pour représenter les changements structuraux 
mineurs des protéines. Dans 32% des cas, les chaînes latérales subissent des 
réarrangements critiques qui impliquent un changement de rotamère et qui fort 
probablement ne pourraient être accommodés même par une fonction de pointage lisse. 
Pour ces mouvements de plus grande envergure, FlexAID introduit l’approche rotamérique. 
Des chaînes latérales préalablement ciblées par son utilisateur peuvent adopter des 
conformations rotamériques autres pourvu que celles-ci demeurent stables énergétiquement 
avec leur environnement. Bref, la représentation de la flexibilité protéique de FlexAID 
combinant une approche rotamérique à une fonction de pointage lisse permet de couvrir 
une bonne fraction des mouvements observés des protéines tout en n’ayant pas à se doter de 
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protocoles précis lors d’applications d’arrimage moléculaire contre les formes non liées. Ce 
type de représentation devrait être une norme en arrimage moléculaire étant donné que dans 
la plupart des cas la conformation de la protéine sous l’état non lié est inconnue. 
 Notre groupe de recherche a développé dans le passé un algorithme d’analyse des 
modes normaux appelé ENCoM permettant d’échantillonner l’espace conformationnel 
d’une protéine et d’ainsi étudier sa dynamique (Frappier et Najmanovich, 2014). 
L’algorithme simule les divers mouvements harmoniques d’une protéine appelés modes 
normaux. L’utilisation de modes normaux est d’ailleurs rendue pratique courante en 
arrimage protéine-protéine (Moal et Bates, 2010) et protéine-ligand (Cavasotto et al., 2005; 
Sperandio et al., 2010; Dietzen et al., 2012). Afin de simuler des déplacements majeurs 
pouvant inclure des mouvements de boucles ou des domaines entiers de la protéine, nous 
prévoyons utiliser les modes normaux prédits par ENCoM dans FlexAID dans le but 
d’inclure des modes spécifiques aux mouvements recherchés. Chaque mode est traduit en 
gène dans l’algorithme génétique et permet de générer de nouvelles conformations à travers 
la combinaison des divers modes inclus. Des travaux en cours permettront de valider cette 
approche novatrice. 
 
Faiblesses du logiciel 
Optimisation des interactions 
Une analyse approfondie des échecs de FlexAID en prédiction du mode de liaison montre 
que le logiciel a particulièrement de la difficulté à prédire lorsqu’un métal est présent au 
site de liaison. La capacité de dériver des paramètres précis pour un type d’atome en 
particulier est directement liée à sa fréquence d’observation; moins un type d’atome est 
fréquent plus il sera difficile de dériver un paramètre fort statistiquement et celui-ci risque 
fortement d’être biaisé envers un système précis. Malgré qu’un nombre important de 
complexes protéine-ligand ait été considéré lors de l’apprentissage automatisé des 
paramètres de la CF, il en demeure que ce nombre ne représente qu’une petite fraction de 
ce que certains autres potentiels ont considéré. Entre autres, les auteurs du potentiel DSX 
ont eu recours à plus de 350000 structures de la Cambridge Structural Database (CSD), une 
base de données riche répertoriant des millions de cristaux de petites molécules (Neudert et 
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Klebe, 2011). Étant donné la quantité de données présente dans la CSD, certains types 
d’atomes peu fréquents dans la PDB peuvent se retrouver fréquemment dans la CSD 
rendant ainsi possible l’extraction de paramètres plus fort statistiquement (Velec et al., 
2005). Considérant les limitations techniques liées à l’utilisation d’information négative et 
positive lors de l’optimisation de la CF, il aurait été impensable de considérer un nombre 
aussi imposant de complexes. Toutefois, il est possible et est de pratique commune de 
combiner plusieurs types d’atomes afin de pallier au faible nombre d’observations (Velec et 
al., 2005; Huang et Zou, 2010). Il aurait été envisageable dans notre étude de combiner les 
métaux ensemble, les halogènes ensemble, ainsi que les types d’atomes représentant les 
atomes de Souffre (Table S1). 
 
Espace de recherche 
Des résultats de notre étude montrent que FlexAID semble avoir beaucoup de 
difficultés lorsque l’espace de recherche devient trop important. Plus particulièrement, nous 
avons remarqué une tendance claire que les performances en prédiction du mode de liaison 
chutent lorsque le ligand possède plus de 5 liens flexibles. Par défaut, le logiciel FlexAID 
échantillonne chaque lien flexible selon un intervalle de 10° donc un ligand possédant 5 
liens aura près de 60 millions de conformations possibles. Malgré que l’algorithme 
génétique de FlexAID en soi permette de restreindre la recherche aux conformations 
pertinentes, c.-à-d. les conformations de basse énergie minimisant les encombrements 
stériques intramoléculaires, des algorithmes supplémentaires permettraient de faciliter la 
recherche encore plus et minimiser l’impact du nombre de liens flexibles. Certains 
algorithmes ont été développés afin de tenter de répondre à ce besoin. 1) Le développement 
d’un algorithme basé sur le théorème dead-end-elimination (paramètre DEEFLX dans 
FlexAID) permet d’éviter d’échantillonner plus d’une fois lors de la recherche une 
combinaison de liens flexibles menant inévitablement à des encombrements stériques 
importants (Desmet et al., 1992). Une liste de mauvaises combinaisons est graduellement 
construite au fil des générations. Lors de la reproduction, un individu possédant une telle 
combinaison est automatiquement rejeté menant à la création d’un nouvel individu. 2) 
L’algorithme d’incréments logiques (paramètre LOGINC dans FlexAID) permet 
d’effectuer une recherche de plus en plus raffinée au fil des générations. Au lieu 
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d’échantillonner chaque lien flexible par intervalle de 10°, l’intervalle est variable. La 
recherche débute avec des intervalles de 60° permettant de chercher brusquement l’espace 
de recherche. En tenant compte de l’espace de recherche associé à la flexibilité du ligand à 
l’intervalle présent, cet intervalle est graduellement réduit au fil des générations et permet 
d’explorer plus en détail les puits énergétiques. Par contre, cet algorithme plutôt gourmand 
(ou greedy) pourrait favoriser certaines conformations dans les incréments initiaux et par 
conséquent biaiser la recherche envers ces conformations. Suite aux maints essais 
d’évaluation de performance en prédiction du mode de liaison, nous n’avons remarqué 
aucune différence significative avec et sans l’ajout des algorithmes décrits ci-haut. D’autres 
alternatives devraient être envisagées afin de minimiser l’impact du nombre de liens 
flexibles. Une d’entre elles consisterait à prégénérer un ensemble de conformations stables 
énergétiquement du ligand à l’aide de la boîte à outils OpenBabel (O’Boyle et al., 2011). 
Les conformations introduites représenteraient déjà des minimums locaux dans l’espace de 
recherche de la flexibilité du ligand et faciliteraient immensément la recherche à travers 
l’espace de recherche du problème d’arrimage. 
 
Classement de composés 
Les prédictions obtenues en classement de composés sur le banc d’essai DUD montrent que 
la CF n’est pas en mesure de correctement classer les composés en ordre d’affinité relative 
sans exclure que celle-ci puisse être en mesure de prédire correctement le bon mode de 
liaison. Étant donné la méthodologie employée afin de paramétrer la CF, il n’est pas 
surprenant que celle-ci ait perdu toute performance en classement de composés; la CF a été 
optimisée de manière à être en mesure de discriminer les bonnes poses d’arrimage des 
mauvaises à partir de conformations leurres pour un ensemble de ligands liant leur cible. 
Contrairement aux fonctions de pointage empiriques ou semi-empiriques dont les différents 
termes sont calibrés à partir de valeurs d’affinité de liaison ainsi qu’aux fonctions de 
pointage basées sur les observations qui se basent sur les principes de distribution de 
Boltzmann, la CF n’intègre aucun principe de thermodynamique et les valeurs optimisées 
représentent en réalité des préférences statistiques qui ne peuvent être associé à de 
l’énergie. Toutefois, il aurait été possible d’intégrer cette information lors de notre 
approche d’apprentissage automatisé. En effet, la base de données PDBbind refined-set 
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utilisée répertorie uniquement des cristaux de complexes protéine-ligand pour lesquels une 
valeur d’affinité de liaison a été calculée (Wang et al., 2004b). Les paramètres de la CF ont 
été optimisés à partir d’une fonction objectif moyennant les courbes ROC pour chaque 
groupe de protéines considéré. Il serait envisageable d’inclure dans la fonction objectif les 
valeurs d’affinité de liaison et de comparer chaque groupe entre eux dans afin d’attribuer 
des principes thermodynamiques à la CF. Cette inclusion imposerait une contrainte en 
forçant les complexes à forte affinité de liaison à avoir une valeur plus basse de CF que 
ceux à plus faible affinité. 
 Une autre raison potentielle pouvant expliquer la faible performance en classement 
de composés est que la CF n’attribue aucune contribution associée à la désolvatation de 
groupements non polaires. Comme décrit dans l’introduction, l’effet hydrophobique est une 
contribution entropique importante dans les processus de liaison. Cependant en faisant 
abstraction complète de l’état non lié et en attribuant uniquement une contribution de 
solvatation à partir de l’état lié, la CF néglige cet effet. Selon les paramètres d’énergie de la 
CF, l’exposition de groupements non polaires au solvant est plus pénalisante que 
l’exposition de groupements polaires (Article 2 – Figure 2). Malgré que cette 
paramétrisation soit pratique dans un contexte d’arrimage afin de discriminer les bonnes 
poses d’arrimage des mauvaises, celle-ci représente une contribution énergétique fictive. 
De plus, nos résultats montrent que les interactions prédites comme les plus fortes sont les 
interactions polaires. Toutefois dans un contexte de classement de composés, il serait 
valable de croire qu’en omettant les contributions de désolvatation, les ligands ayant des 
propriétés polaires plus importantes seront préférentiellement choisis aux ligands plus 
hydrophobes.  
 
Applicabilité à la découverte de médicaments 
Les contraintes de temps 
La technique d’arrimage moléculaire est une technique couramment utilisée afin 
d’accélérer la découverte de nouvelles molécules étant donné sa rapidité d’exécution. 
FlexAID nécessite de calculer des surfaces en contact. Ces calculs sont particulièrement 
gourmands computationnellement et est une étape limitante lors du pointage. La version 
initiale de FlexAID était difficilement applicable aux études à haut débit considérant le 
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temps computationnel requis à effectuer une simulation d’arrimage. Le temps, devenant 
rapidement un facteur limitant lors de telles études, affecte largement les degrés de liberté 
ainsi que le nombre de ligands testés à pouvoir considérer. Les changements apportés à 
l’algorithme de calculs de surface ont permis de réduire considérablement le temps requis 
(Figure 20). Plusieurs autres changements ont été apportés au fil des années afin de réduire 
davantage ce temps: 1) La CF est approximée au terme d’encombrements stériques pour les 
individus ayant trop de ces encombrements et ne nécessite aucun calcul de surfaces; 2) Les 
algorithmes ainsi que la stabilité du logiciel ont été améliorés. 
 
 Figure 20 – Vitesse d’exécution de FlexAID  
Temps computationnel requis en minutes à effectuer une simulation de 300 individus et 300 
générations. Le temps computationnel augmente de façon exponentielle utilisant l’ancien 
algorithme basé sur l’utilisation de sphères (rouge). Le temps computationnel augmente de 
façon linéaire utilisant l’algorithme Vcontacts basé sur un diagramme de Voronoï (bleu). 
 
Malgré les nombreux changements apportés, un pouvoir computationnel plus 
important était requis lors d’études à haut débit étant donné le nombre de simulations à 
effectuer. Le développement de la plateforme de calculs distribués NRG@Home a permis à 
de nombreux utilisateurs à contribuer aux travaux de notre groupe de recherche (Anderson, 
2004) (Figure 21). D’un point de vue technique, mes travaux ont permis de rendre FlexAID 
compatible sous le système d’exploitation Windows permettant ainsi d’atteindre un public 
cible plus large et d’atteindre une contribution de près de 4000 ordinateurs répartis 
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mondialement. La plateforme NRG@Home nous a ouvert des portes en termes 
d’applicabilité de FlexAID à grande échelle tout en offrant une automatisation des 
différentes étapes. 
 
Figure 21 – Application de la plateforme NRG@Home 
Exemple d’application à large échelle de FlexAID utilisant la plateforme NRG@Home 
pour laquelle 8000 composés peptidiques ont été arrimés (1 000 000 d’évaluations 
énergétiques) contre la Matriptase (Duchêne et al., 2014). Le nombre de simulations 
effectuées en fonction du temps est montré. En moyenne, plus de 3 500 simulations par 
heure peuvent être effectuées équivalant à environ 85 000 simulations par jour. 
 
Applicabilité de sa fonction de pointage 
La capacité d’une méthode d’arrimage à identifier de nouvelles molécules est 
directement reliée à sa fonction de pointage, car celle-ci doit être en mesure de prédire 
correctement le bon mode de liaison pour un ensemble de ligands et de classer ces ligands 
en ordre d’affinité relative de liaison. Les résultats de notre étude démontrent clairement 
que la version présente de la CF ne peut être appliquée au classement de composés et que 
certains changements discutés ci-haut devront y être apportés. En fait, la CF prédit plus 
faiblement que l’ensemble des méthodes comparées. Toutefois, malgré les nombreuses 
simplifications introduites par la CF, celle-ci est en mesure d’atteindre des performances 
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inégalées en prédiction du mode de liaison et plus particulièrement dans de réels scénarios 
d’arrimage moléculaire dans lesquels la conformation de la protéine est inconnue. Il semble 
être évident que la CF a un rôle critique dans la découverte de médicaments qui devrait être 
exploité à son plein potentiel, c.-à-d. à prédire correctement le bon mode de liaison des 
ligands criblés virtuellement, et ce, indépendamment de la structure initiale de la protéine. 
Il serait ensuite possible de tirer profit de la technique de repointage afin de sauver les 
performances en classement de composés. Idéalement, les 10 complexes les plus stables 
énergétiquement prédits par FlexAID devraient être repointés compte tenu des prédictions 
du logiciel en considérant uniquement le complexe le plus stable (Article 2 – Table 2). 
Dans notre étude nous avons remarqué un gain de performance important suite au 
repointage par la méthode RankScore permettant à FlexAID de rivaliser avec les autres 
méthodes (Shen et Sali, 2006). Il est important de noter que, dû à la nature de la CF, la 
conformation des complexes protéine-ligand prédits par FlexAID ne représente pas 
nécessairement la conformation bioactive en termes stricts, c.-à-d. une conformation 
optimale énergétiquement dans laquelle les contraintes géométriques d’interactions sont 
parfaitement comblées. C’est pourquoi il est recommandé d’effectuer une minimisation 
dans le nouveau contexte avant de repointer afin d’atteindre le minimal local de la nouvelle 
fonction de pointage (Cole et al., 2005). Toutefois, aucune méthode de minimisation n’était 
accessible lors du repointage avec RankScore et peut-être que de meilleures performances 
auraient été obtenues avec une autre fonction de pointage offrant une telle minimisation. 
 
L’inhibition allostérique de la Matriptase-2 
Le modèle par homologie 
L’objectif général du projet sur la Matriptase-2 consistait en l’identification d’une petite 
molécule pouvant agir comme inhibiteur de l’enzyme. Nous avons utilisé une approche de 
découverte de médicaments basée sur la structure (DMBS) à partir d’un modèle par 
homologie afin d’identifier les bases structurales de cet inhibiteur. Étant donné les progrès 
dans la modélisation par homologie et ainsi dans la validité des modèles (Xiang, 2006), 
l’utilisation de modèle par homologie en DMBS demeure une pratique très courante (Dong 
et al., 2013; Khoddami et al., 2015). Généralement, une identité de séquence d’au moins 
  
137 
137 
30% est requise afin de générer un modèle par homologie de haute confiance (Xiang, 
2006). Dans l’étude présente, la protéine utilisée comme gabarit possédait plus de 40% 
d’identité permettant ainsi de simplifier la détection d’homologie à un simple alignement 
de séquence et d’inférer la validité du modèle. En ayant été sujette à une minimisation, la 
structure modélisée représente donc un état stable thermodynamiquement et populeux de 
l’ensemble conformationnel. 
Il n’existe encore aujourd’hui aucune structure dans la PDB de la Matriptase sous la 
forme non liée, mais plusieurs sont sous la forme liée à divers inhibiteurs étant donné son 
intérêt du milieu pharmaceutique. Par conséquent, nous avons dû générer un modèle de la 
Matriptase-2 à partir d’une structure sous la forme liée à un ligand non naturel de l’enzyme. 
Dans la mesure où nous voulions identifier un modulateur allostérique de l’enzyme 
Matriptase-2 nuisant à la liaison au substrat naturel en stabilisant des états non liée de 
l’ensemble conformationnel, il aurait été préférable d’utiliser une forme non liée de 
l’enzyme. Par contre, assumant que le modèle par homologie et les différentes cavités 
prédites sont valides, nous pourrions déstabiliser l’enzyme en altérant la dynamique au site 
catalytique en liant une petite molécule à un site allostérique précis. Par exemple, en 
augmentant la flexibilité de la protéine au site catalytique, la liaison au substrat naturel 
engendrerait une hausse en énergie libre de liaison soit par une perte entropique plus 
importante. 
Nous avons porté un intérêt particulier sur les cavités enfouies de l’enzyme pour 
plusieurs raisons. 1) La concavité de ces cavités permet l’enfouissement des groupements 
non polaires et d’ainsi augmenter l’énergie de désolvatation de même que 2) 
l’enfouissement des groupements polaires et d’ainsi minimiser les effets de polarisation des 
interactions polaires. 3) De plus, ces cavités présentent une haute densité de groupements 
fonctionnels permettant une meilleure spécificité. En plus de représenter des endroits 
potentiels dans lesquelles des petites molécules pourraient s’y lier, ces cavités permettent 
de restreindre l’espace de recherche lors de simulations d’arrimage avec FlexAID en 
cherchant uniquement les endroits pertinents contrairement à l’utilisation de formes plus 
conventionnelles pour définir un site de liaison (Trott et Olson, 2009; Najmanovich, 2013).  
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La méthodologie employée 
Afin d’identifier les bases structurales des inhibiteurs, nous avons privilégié une 
stratégie de découverte de médicaments par approche par fragments (DMAF) (Rees et al., 
2004). Il est primordial dans une telle stratégie 1) de prédire correctement le bon mode de 
liaison des fragments et 2) de bien classer ces fragments en ordre relative d’affinité de 
liaison afin d’obtenir un meilleur taux d’enrichissement de composés actifs. Dans notre 
stratégie DMAF, nous avons combiné plusieurs méthodes de chimie computationnelle. Plus 
spécifiquement, nous avons couplé de l’arrimage moléculaire avec FlexAID à une 
minimisation par GROMACS suivi d’un repointage avec MM/GBSA. Notre étude récente 
montre que la performance de FlexAID tend à chuter avec le nombre de degrés de liberté 
entre autres imposés par la flexibilité du ligand (Gaudreault et Najmanovich, 2015). Malgré 
le nombre limité d’individus évalués lors des simulations, nous sommes confiants des 
prédictions obtenues lors des études à haut débit sur la Matriptase-2 étant donné le nombre 
restreint de liens flexibles des fragments (3 au maximum).  Cela a d’ailleurs permis de 
pallier pour les degrés de liberté supplémentaires imposés par la flexibilité des chaînes 
latérales de la Matriptase-2. Étant donné la nature lisse de la fonction de pointage de 
FlexAID, nous sommes en mesure de prédire grossièrement le bon mode de liaison des 
fragments malgré les changements structuraux qui pourraient être requis. Afin de sauver les 
performances en classement de composés, nous avons eu recours à la méthode de 
repointage MM/GBSA, une fonction de pointage plus abrupte et moins abrégée de la réalité 
ainsi que démontrée comme ayant un potentiel en classement de composés (Duchêne et al., 
2014). La CF simplifie les propriétés des atomes en leur attribuant un type d’atome précis. 
En étant basée sur des principes premiers, la fonction MM/GBSA permet de combler 
certaines lacunes de la fonction simplifiée de FlexAID discutées ci-haut et nous permet de 
mieux classer les fragments (Hou et al., 2011). Malgré que l’équation généralisée de Born 
n’est qu’une approximation de l’équation de Poisson-Boltzmann (Honig et Nicholls, 1995) 
afin d’estimer les effets de polarisation, celle-ci permet de mieux estimer l’énergie associée 
à l’exposition de groupements chargés et polaires au solvant. L’utilisation de surfaces 
accessibles au solvant pour mesurer les contributions énergétiques de solvatation et de 
désolvatation ne demeure qu’une approximation (Wagoner et Baker, 2004) et certaines 
alternatives existent dans la littérature (Labute, 2008). Toutefois, en ayant considéré l’état 
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non lié lors du repointage, la fonction MM/GBSA attribue une contribution énergétique de 
désolvatation contrairement à la CF. 
Les résultats de notre étude récente démontrent que FlexAID est moins sensible à la 
variabilité structurale lorsque comparé à d’autres algorithmes couramment utilisés dans le 
domaine et que FlexAID est en mesure de prédire correctement le bon mode de liaison 
malgré que des changements structuraux sont observés (Gaudreault et Najmanovich, 2015). 
Malgré que nous avons introduit certaines simplifications au niveau de la représentation de 
la cible en termes de flexibilité, nous avons fait un choix éclairé en sélectionnant une 
méthode d’arrimage incluant une certaine flexibilité intrinsèque contrairement à 
l’utilisation d’une méthode à fonction de pointage plus abrupte qui pourrait biaiser 
l’enrichissement de composés envers une structure précise. D’ailleurs, des résultats d’une 
autre étude montrent que l’utilisation de potentiels plus lisses est à privilégier lorsqu’une 
seule structure est utilisée lors d’un criblage virtuel (Ferrari et al., 2004). 
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Tables supplémentaires 
 
Supplementary Table I. Statistics of the database 
Dataset Entries Pfam PDB Average Resolution (Å) 
PRI 1812 163 1270 1.93 
PFAM 631 161 884 1.97 
SEQ 188 149 372 1.95 
 
 
Supplementary Table II. Statistics of the non-redundant SEQ subset 
Field Value 
Number of ligand heavy atoms 22.6* 
Number of residues in binding-site 18.3* 
Number of flexible residues in binding-site 3.4* 
Number of reaction (KEGG) 178 
Number of E.C. codes 110 
* Mean value over all entries in the SEQ subset 
 
 
Supplementary Table III. Summary of probabilities 
Residue Prob Residue Prob Residue Prob 
ARG 0.381 HIS 0.169 SER 0.197 
ASN 0.279 ILE 0.173 THR 0.058 
ASP 0.220 LEU 0.137 TRP 0.090 
CYS 0.048 LYS 0.532 TYR 0.190 
GLN 0.347 MET 0.342 VAL 0.070 
GLU 0.188 PHE 0.204   
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Supplementary Table IV. Summary of hydrogen bonding rearrangement 
State %W→L %P→L %N→L 
Flexible 0.294 0.279 0.208 
Rigid 0.313 0.221 0.179 
All 0.309 0.232 0.187 
W: Water – P: Protein – L: Ligand – N: No H-bond 
All values are fractions of the total number of residues for a given entity, e.g. %W→L is 
obtained by dividing W→L by W where W is the number of residues bound to one or 
more water molecules in the Apo form and W→L is the number of residues bound to one 
or more water molecule(s) in the Apo form as well forming one or more H-bonds with the 
ligand in the Holo form 
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Annexe B – Données supplémentaires de l’article 2 
Figures supplémentaires 
 
 
 
Figure S1. Pairwise interaction parameters for selected interactions for the potentials 
derived in consecutive MC iterations. Normalized values of the initial potentials (A) and 
potentials at iterations 1 (B), 2 (C), 3 (D), 4 (E) and 5 (F) are displayed. For the colour 
coding and atom types nomenclature, refer to the legend of Figure 2. 
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Figure S2. Best CF (CFmin) predicted as a function of the reference CF (CFref). Values for 
the initial potentials (A) and potentials at iterations 1 (B), 2 (C), 3 (D), 4 (E) and 5 (F) are 
displayed. Each point represents a unique protein-ligand complex in the Astex diverse set. 
Points above the dashed line are cases that were optimized relative to the reference CF. 
Points marked in red are complexes for which no success was observed. 
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Figure S3. Smoothness of the scoring function for each iteration. Differences in CF 
between successful poses relative to the reference pose for the initial potentials (A) and 
potentials at iterations 1 (B), 2 (C), 3 (D), 4 (E) and 5 (F) are displayed. Each point 
represents a successful prediction in the Astex diverse set. For the colour coding and further 
detail refer to the legend of Figure 3. 
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Figure S4. Best RMSD as a function of the number of flexible bonds of the ligand. Values 
for the initial potentials (A) and potentials at iterations 1 (B), 2 (C), 3 (D), 4 (E) and 5 (F) 
are displayed. Each point represents the best-predicted pose in terms of RMSD for each 
complex in the Astex diverse set. A RMSD of 2.0Å is used as cut-off for successful 
predictions. Points marked in red are failures. 
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Figure S5. Rank as a function of the hydrophobicity index of the binding-site. Values for 
the initial potentials (A) and potentials at iterations 1 (B), 2 (C), 3 (D), 4 (E) and 5 (F) are 
displayed.  The hydrophobicity index of a binding-site is defined as the hydrophobic SAS 
over the total SAS. Each point represents a unique protein-ligand complex in the Astex 
diverse set. 
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Figure S6. ROC curves of targets in the DUD dataset. The ROC (A) and semi-logarithmic 
ROC (B) curves of 38 targets in the DUD dataset are displayed. We use the CF (red) and 
RankScore (green) as scoring functions to discriminate true from false positives. We use 
RankScore only to re-score the best predicted pose for each unique molecule according to 
the CF. The grey bars indicate random predictions. 
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Figure S7. Performance of FlexAID, AutoDock Vina, FlexX and rDock as a function of an 
increasing definition of the binding-site. The performance of FlexAID (red), AutoDock 
Vina (blue), FlexX (cyan) and rDock (purple) were evaluated on the Astex diverse set in 
the presence of ligand flexibility. FlexAID: We retained grid vertexes within 1, 5 and 10Å 
of the reference ligand (denoted as A1, A5 and A10). AutoDock Vina: The size of the box 
was expanded by 10, 20 and 30Å in each dimension (denoted as Exp10, Exp20 and Exp30). 
FlexX: The set of protein atoms was restricted to those within 4.0, 6.5 and 10.0Å of the 
reference ligand (denoted as A4, A6.5 and A10). rDock: We used spheres of radii 2, 6 and 
10Å that overlap the reference ligand (denoted as A2, A6 and A10). 
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Figure S8. Detailed pipeline of the preparation and processing of the molecules of the 
Astex diverse and non-native sets (A) and of the HAP2 dataset (B). Specific steps for a 
given method are color-coded according to Figure 3. Black lines represent common steps 
for methods. For higher resolution images, please refer to: 
http://bcb.med.usherbrooke.ca/FlexAID-SI 
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Tables supplémentaires 
 
Table S1. Atom types and their frequency in the training and test sets 
 
SYBYL 
Atom type 
C.1 C.2 C.3 C.ar C.cat N.1 N.2 N.3 N.4 N.ar 
PDBbind 56 10,933 44,032 28,904 875 23 674 0 1,478 3,096 
Astex 4 604 2,767 1,877 36 2 14 18 60 225 
 N.am N.pl3 O.2 O.3 O.co2 O.ar S.2 S.3 S.o S.o2 
PDBbind 10,288 3,616 11,411 7,308 6,562 0 17 1,208 266 0 
Astex 569 193 736 330 285 0 6 96 11 1 
 S.ar P.3 F Cl Br I Se Mg Sr Cu 
PDBbind 0 367 322 185 63 13 1 67 1 4 
Astex 0 6 25 17 1 0 0 3 0 0 
 Mn Hg Cd Ni Zn Ca Fe Co.o
h 
Du  
PDBbind 18 2 1 2 210 30 0 3 0  
Astex 2 0 0 0 14 1 3 0 0  
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Table S2. Values of pairwise interactions 
 
C.1    C.1       0.000     C.1    C.2    -119.400     C.1    C.3    -162.900 
C.1    C.AR   -179.100     C.1    C.CAT     0.000     C.1    N.1       0.000 
C.1    N.2       0.000     C.1    N.3       0.000     C.1    N.4       0.000 
C.1    N.AR    157.100     C.1    N.AM     60.540     C.1    N.PL3   -78.630 
C.1    O.2    -198.300     C.1    O.3    -180.800     C.1    O.CO2    93.260 
C.1    O.AR      0.000     C.1    S.2       0.000     C.1    S.3       0.000 
C.1    S.O       0.000     C.1    S.O2      0.000     C.1    S.AR      0.000 
C.1    P.3       0.000     C.1    F         0.000     C.1    CL        0.000 
C.1    BR        0.000     C.1    I         0.000     C.1    SE        0.000 
C.1    MG        0.000     C.1    SR        0.000     C.1    CU        0.000 
C.1    MN        0.000     C.1    HG        0.000     C.1    CD        0.000 
C.1    NI        0.000     C.1    ZN        0.000     C.1    CA        0.000 
C.1    FE        0.000     C.1    CO.OH     0.000     C.1    DU        0.000 
C.1    SOL     159.100     C.2    C.2    -198.900     C.2    C.3     -69.110 
C.2    C.AR   -149.400     C.2    C.CAT   194.100     C.2    N.1     165.400 
C.2    N.2     -88.780     C.2    N.3       0.000     C.2    N.4      36.970 
C.2    N.AR     15.810     C.2    N.AM    -21.590     C.2    N.PL3   -61.990 
C.2    O.2     -10.060     C.2    O.3      61.290     C.2    O.CO2    14.760 
C.2    O.AR      0.000     C.2    S.2    -115.000     C.2    S.3    -123.100 
C.2    S.O      81.350     C.2    S.O2      0.000     C.2    S.AR      0.000 
C.2    P.3      76.920     C.2    F      -186.100     C.2    CL     -193.700 
C.2    BR        0.000     C.2    I        13.040     C.2    SE        0.000 
C.2    MG      152.500     C.2    SR        0.000     C.2    CU        0.000 
C.2    MN      119.800     C.2    HG        0.000     C.2    CD      121.200 
C.2    NI        0.000     C.2    ZN      -40.540     C.2    CA        0.000 
C.2    FE        0.000     C.2    CO.OH     0.000     C.2    DU        0.000 
C.2    SOL      61.750     C.3    C.3     -37.750     C.3    C.AR    -53.320 
C.3    C.CAT  -191.900     C.3    N.1     -71.640     C.3    N.2     -68.710 
C.3    N.3       0.000     C.3    N.4      87.280     C.3    N.AR    -63.970 
C.3    N.AM     26.900     C.3    N.PL3    -0.949     C.3    O.2     -50.230 
C.3    O.3     -44.360     C.3    O.CO2   -30.770     C.3    O.AR      0.000 
C.3    S.2       0.000     C.3    S.3     -48.670     C.3    S.O    -121.800 
C.3    S.O2      0.000     C.3    S.AR      0.000     C.3    P.3      -8.391 
C.3    F       -74.040     C.3    CL      -93.410     C.3    BR        0.000 
C.3    I      -157.600     C.3    SE        0.000     C.3    MG      131.200 
C.3    SR        0.000     C.3    CU     -180.800     C.3    MN        0.000 
C.3    HG        0.000     C.3    CD        0.000     C.3    NI        0.000 
C.3    ZN       95.360     C.3    CA        0.000     C.3    FE        0.000 
C.3    CO.OH     0.000     C.3    DU        0.000     C.3    SOL      72.500 
C.AR   C.AR    -58.920     C.AR   C.CAT  -183.900     C.AR   N.1       0.000 
C.AR   N.2    -124.200     C.AR   N.3       0.000     C.AR   N.4      36.650 
C.AR   N.AR    -18.300     C.AR   N.AM     23.980     C.AR   N.PL3   -16.940 
C.AR   O.2      -5.605     C.AR   O.3     -21.650     C.AR   O.CO2    25.600 
C.AR   O.AR      0.000     C.AR   S.2    -135.600     C.AR   S.3     -51.640 
C.AR   S.O     100.300     C.AR   S.O2      0.000     C.AR   S.AR      0.000 
C.AR   P.3     -58.990     C.AR   F       -57.060     C.AR   CL      -25.050 
C.AR   BR      -12.720     C.AR   I         0.000     C.AR   SE        0.000 
C.AR   MG        0.000     C.AR   SR        0.000     C.AR   CU        0.000 
C.AR   MN        0.000     C.AR   HG        0.000     C.AR   CD        0.000 
C.AR   NI        0.000     C.AR   ZN      160.800     C.AR   CA        0.000 
C.AR   FE        0.000     C.AR   CO.OH     0.000     C.AR   DU        0.000 
C.AR   SOL      62.170     C.CAT  C.CAT     0.000     C.CAT  N.1       0.000 
C.CAT  N.2    -161.800     C.CAT  N.3       0.000     C.CAT  N.4     174.800 
C.CAT  N.AR   -118.300     C.CAT  N.AM    180.900     C.CAT  N.PL3   -83.100 
C.CAT  O.2     195.900     C.CAT  O.3      67.990     C.CAT  O.CO2   -54.190 
C.CAT  O.AR      0.000     C.CAT  S.2       0.000     C.CAT  S.3    -167.900 
C.CAT  S.O       0.000     C.CAT  S.O2      0.000     C.CAT  S.AR      0.000 
C.CAT  P.3     167.700     C.CAT  F       -28.170     C.CAT  CL        0.000 
C.CAT  BR     -190.100     C.CAT  I         0.000     C.CAT  SE        0.000 
C.CAT  MG        0.000     C.CAT  SR        0.000     C.CAT  CU        0.000 
C.CAT  MN        0.000     C.CAT  HG        0.000     C.CAT  CD        0.000 
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C.CAT  NI        0.000     C.CAT  ZN        0.000     C.CAT  CA        0.000 
C.CAT  FE        0.000     C.CAT  CO.OH     0.000     C.CAT  DU        0.000 
C.CAT  SOL     120.300     N.1    N.1       0.000     N.1    N.2       0.000 
N.1    N.3       0.000     N.1    N.4       0.000     N.1    N.AR      0.000 
N.1    N.AM   -168.900     N.1    N.PL3     0.000     N.1    O.2       0.000 
N.1    O.3     -71.740     N.1    O.CO2     0.000     N.1    O.AR      0.000 
N.1    S.2       0.000     N.1    S.3       0.000     N.1    S.O       0.000 
N.1    S.O2      0.000     N.1    S.AR      0.000     N.1    P.3       0.000 
N.1    F         0.000     N.1    CL        0.000     N.1    BR        0.000 
N.1    I         0.000     N.1    SE        0.000     N.1    MG        0.000 
N.1    SR        0.000     N.1    CU        0.000     N.1    MN        0.000 
N.1    HG        0.000     N.1    CD        0.000     N.1    NI        0.000 
N.1    ZN        0.000     N.1    CA        0.000     N.1    FE        0.000 
N.1    CO.OH     0.000     N.1    DU        0.000     N.1    SOL     167.200 
N.2    N.2       0.000     N.2    N.3       0.000     N.2    N.4      84.570 
N.2    N.AR    -55.800     N.2    N.AM   -195.700     N.2    N.PL3  -122.300 
N.2    O.2     -87.380     N.2    O.3    -144.800     N.2    O.CO2  -197.600 
N.2    O.AR      0.000     N.2    S.2       0.000     N.2    S.3      28.130 
N.2    S.O       0.000     N.2    S.O2      0.000     N.2    S.AR      0.000 
N.2    P.3       0.000     N.2    F         0.000     N.2    CL        0.000 
N.2    BR        0.000     N.2    I         0.000     N.2    SE        0.000 
N.2    MG        0.000     N.2    SR        0.000     N.2    CU        0.000 
N.2    MN        0.000     N.2    HG        0.000     N.2    CD        0.000 
N.2    NI        0.000     N.2    ZN        0.000     N.2    CA        0.000 
N.2    FE        0.000     N.2    CO.OH     0.000     N.2    DU        0.000 
N.2    SOL     136.400     N.3    N.3       0.000     N.3    N.4       0.000 
N.3    N.AR      0.000     N.3    N.AM      0.000     N.3    N.PL3     0.000 
N.3    O.2       0.000     N.3    O.3       0.000     N.3    O.CO2     0.000 
N.3    O.AR      0.000     N.3    S.2       0.000     N.3    S.3       0.000 
N.3    S.O       0.000     N.3    S.O2      0.000     N.3    S.AR      0.000 
N.3    P.3       0.000     N.3    F         0.000     N.3    CL        0.000 
N.3    BR        0.000     N.3    I         0.000     N.3    SE        0.000 
N.3    MG        0.000     N.3    SR        0.000     N.3    CU        0.000 
N.3    MN        0.000     N.3    HG        0.000     N.3    CD        0.000 
N.3    NI        0.000     N.3    ZN        0.000     N.3    CA        0.000 
N.3    FE        0.000     N.3    CO.OH     0.000     N.3    DU        0.000 
N.3    SOL       0.000     N.4    N.4      81.660     N.4    N.AR    -16.350 
N.4    N.AM    160.200     N.4    N.PL3   160.400     N.4    O.2    -103.900 
N.4    O.3    -101.800     N.4    O.CO2  -159.000     N.4    O.AR      0.000 
N.4    S.2       0.000     N.4    S.3     -66.400     N.4    S.O       0.000 
N.4    S.O2      0.000     N.4    S.AR      0.000     N.4    P.3     143.000 
N.4    F         0.000     N.4    CL       45.570     N.4    BR       50.170 
N.4    I         0.000     N.4    SE        0.000     N.4    MG        0.000 
N.4    SR        0.000     N.4    CU        0.000     N.4    MN        0.000 
N.4    HG        0.000     N.4    CD        0.000     N.4    NI        0.000 
N.4    ZN      158.900     N.4    CA        0.000     N.4    FE        0.000 
N.4    CO.OH     0.000     N.4    DU        0.000     N.4    SOL     147.100 
N.AR   N.AR    156.700     N.AR   N.AM   -157.300     N.AR   N.PL3   -26.350 
N.AR   O.2     -86.640     N.AR   O.3    -189.600     N.AR   O.CO2  -125.300 
N.AR   O.AR      0.000     N.AR   S.2       0.000     N.AR   S.3    -190.100 
N.AR   S.O    -169.000     N.AR   S.O2      0.000     N.AR   S.AR      0.000 
N.AR   P.3    -148.800     N.AR   F         7.695     N.AR   CL       88.720 
N.AR   BR      137.300     N.AR   I         0.000     N.AR   SE        0.000 
N.AR   MG        0.000     N.AR   SR        0.000     N.AR   CU        0.000 
N.AR   MN        0.000     N.AR   HG        0.000     N.AR   CD        0.000 
N.AR   NI        0.000     N.AR   ZN        0.000     N.AR   CA        0.000 
N.AR   FE        0.000     N.AR   CO.OH     0.000     N.AR   DU        0.000 
N.AR   SOL     198.300     N.AM   N.AM     72.280     N.AM   N.PL3    86.550 
N.AM   O.2    -141.100     N.AM   O.3     -70.050     N.AM   O.CO2  -140.100 
N.AM   O.AR      0.000     N.AM   S.2       0.000     N.AM   S.3      46.220 
N.AM   S.O      73.660     N.AM   S.O2      0.000     N.AM   S.AR      0.000 
N.AM   P.3    -117.900     N.AM   F       -46.590     N.AM   CL       36.680 
N.AM   BR        0.000     N.AM   I         0.000     N.AM   SE        0.000 
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N.AM   MG      -61.630     N.AM   SR        0.000     N.AM   CU        0.000 
N.AM   MN        0.000     N.AM   HG        0.000     N.AM   CD        0.000 
N.AM   NI        0.000     N.AM   ZN     -185.800     N.AM   CA        0.000 
N.AM   FE        0.000     N.AM   CO.OH     0.000     N.AM   DU        0.000 
N.AM   SOL     190.500     N.PL3  N.PL3   133.000     N.PL3  O.2     -81.100 
N.PL3  O.3     -49.120     N.PL3  O.CO2  -127.700     N.PL3  O.AR      0.000 
N.PL3  S.2       0.000     N.PL3  S.3     -50.590     N.PL3  S.O     159.900 
N.PL3  S.O2      0.000     N.PL3  S.AR      0.000     N.PL3  P.3      44.250 
N.PL3  F       -28.990     N.PL3  CL        0.000     N.PL3  BR       -1.934 
N.PL3  I         0.000     N.PL3  SE        0.000     N.PL3  MG       92.970 
N.PL3  SR        0.000     N.PL3  CU        0.000     N.PL3  MN       37.170 
N.PL3  HG        0.000     N.PL3  CD        0.000     N.PL3  NI        0.000 
N.PL3  ZN        0.000     N.PL3  CA        0.000     N.PL3  FE        0.000 
N.PL3  CO.OH     0.000     N.PL3  DU        0.000     N.PL3  SOL     162.800 
O.2    O.2      56.580     O.2    O.3     -33.000     O.2    O.CO2    52.000 
O.2    O.AR      0.000     O.2    S.2       0.000     O.2    S.3      27.660 
O.2    S.O     170.400     O.2    S.O2      0.000     O.2    S.AR      0.000 
O.2    P.3      61.460     O.2    F        51.700     O.2    CL       19.200 
O.2    BR        0.000     O.2    I         9.606     O.2    SE        0.000 
O.2    MG      -61.550     O.2    SR        0.000     O.2    CU        0.000 
O.2    MN        0.000     O.2    HG        0.000     O.2    CD        0.000 
O.2    NI        0.000     O.2    ZN     -182.100     O.2    CA        0.000 
O.2    FE        0.000     O.2    CO.OH     0.000     O.2    DU        0.000 
O.2    SOL      33.990     O.3    O.3     -77.280     O.3    O.CO2   -95.080 
O.3    O.AR      0.000     O.3    S.2       0.000     O.3    S.3     -79.640 
O.3    S.O     170.800     O.3    S.O2      0.000     O.3    S.AR      0.000 
O.3    P.3    -163.400     O.3    F      -149.500     O.3    CL        0.000 
O.3    BR        0.000     O.3    I         0.000     O.3    SE        0.000 
O.3    MG       67.590     O.3    SR       71.700     O.3    CU        0.000 
O.3    MN        0.000     O.3    HG        0.000     O.3    CD        0.000 
O.3    NI        0.000     O.3    ZN     -186.700     O.3    CA     -197.800 
O.3    FE        0.000     O.3    CO.OH     0.000     O.3    DU        0.000 
O.3    SOL      43.240     O.CO2  O.CO2    45.170     O.CO2  O.AR      0.000 
O.CO2  S.2       0.000     O.CO2  S.3      32.660     O.CO2  S.O     -77.560 
O.CO2  S.O2      0.000     O.CO2  S.AR      0.000     O.CO2  P.3     101.400 
O.CO2  F       187.500     O.CO2  CL      -69.110     O.CO2  BR        0.000 
O.CO2  I         0.000     O.CO2  SE        0.000     O.CO2  MG     -194.700 
O.CO2  SR        0.000     O.CO2  CU        0.000     O.CO2  MN        0.000 
O.CO2  HG        0.000     O.CO2  CD        0.000     O.CO2  NI        0.000 
O.CO2  ZN     -173.400     O.CO2  CA      -68.340     O.CO2  FE        0.000 
O.CO2  CO.OH     0.000     O.CO2  DU        0.000     O.CO2  SOL      29.560 
O.AR   O.AR      0.000     O.AR   S.2       0.000     O.AR   S.3       0.000 
O.AR   S.O       0.000     O.AR   S.O2      0.000     O.AR   S.AR      0.000 
O.AR   P.3       0.000     O.AR   F         0.000     O.AR   CL        0.000 
O.AR   BR        0.000     O.AR   I         0.000     O.AR   SE        0.000 
O.AR   MG        0.000     O.AR   SR        0.000     O.AR   CU        0.000 
O.AR   MN        0.000     O.AR   HG        0.000     O.AR   CD        0.000 
O.AR   NI        0.000     O.AR   ZN        0.000     O.AR   CA        0.000 
O.AR   FE        0.000     O.AR   CO.OH     0.000     O.AR   DU        0.000 
O.AR   SOL       0.000     S.2    S.2       0.000     S.2    S.3       0.000 
S.2    S.O       0.000     S.2    S.O2      0.000     S.2    S.AR      0.000 
S.2    P.3       0.000     S.2    F         0.000     S.2    CL        0.000 
S.2    BR        0.000     S.2    I         0.000     S.2    SE        0.000 
S.2    MG        0.000     S.2    SR        0.000     S.2    CU        0.000 
S.2    MN        0.000     S.2    HG        0.000     S.2    CD        0.000 
S.2    NI        0.000     S.2    ZN        0.000     S.2    CA        0.000 
S.2    FE        0.000     S.2    CO.OH     0.000     S.2    DU        0.000 
S.2    SOL       0.000     S.3    S.3    -145.500     S.3    S.O     103.900 
S.3    S.O2      0.000     S.3    S.AR      0.000     S.3    P.3     -41.280 
S.3    F         5.702     S.3    CL     -167.500     S.3    BR     -119.700 
S.3    I         0.000     S.3    SE        0.000     S.3    MG        0.000 
S.3    SR        0.000     S.3    CU        0.000     S.3    MN        0.000 
S.3    HG        0.000     S.3    CD        0.000     S.3    NI        0.000 
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S.3    ZN     -153.700     S.3    CA        0.000     S.3    FE        0.000 
S.3    CO.OH     0.000     S.3    DU        0.000     S.3    SOL      94.930 
S.O    S.O       0.000     S.O    S.O2      0.000     S.O    S.AR      0.000 
S.O    P.3       0.000     S.O    F         0.000     S.O    CL        0.000 
S.O    BR        0.000     S.O    I         0.000     S.O    SE        0.000 
S.O    MG        0.000     S.O    SR        0.000     S.O    CU        0.000 
S.O    MN        0.000     S.O    HG        0.000     S.O    CD        0.000 
S.O    NI        0.000     S.O    ZN     -134.400     S.O    CA        0.000 
S.O    FE        0.000     S.O    CO.OH     0.000     S.O    DU        0.000 
S.O    SOL    -176.200     S.O2   S.O2      0.000     S.O2   S.AR      0.000 
S.O2   P.3       0.000     S.O2   F         0.000     S.O2   CL        0.000 
S.O2   BR        0.000     S.O2   I         0.000     S.O2   SE        0.000 
S.O2   MG        0.000     S.O2   SR        0.000     S.O2   CU        0.000 
S.O2   MN        0.000     S.O2   HG        0.000     S.O2   CD        0.000 
S.O2   NI        0.000     S.O2   ZN        0.000     S.O2   CA        0.000 
S.O2   FE        0.000     S.O2   CO.OH     0.000     S.O2   DU        0.000 
S.O2   SOL       0.000     S.AR   S.AR      0.000     S.AR   P.3       0.000 
S.AR   F         0.000     S.AR   CL        0.000     S.AR   BR        0.000 
S.AR   I         0.000     S.AR   SE        0.000     S.AR   MG        0.000 
S.AR   SR        0.000     S.AR   CU        0.000     S.AR   MN        0.000 
S.AR   HG        0.000     S.AR   CD        0.000     S.AR   NI        0.000 
S.AR   ZN        0.000     S.AR   CA        0.000     S.AR   FE        0.000 
S.AR   CO.OH     0.000     S.AR   DU        0.000     S.AR   SOL       0.000 
P.3    P.3       0.000     P.3    F         0.000     P.3    CL        0.000 
P.3    BR        0.000     P.3    I         0.000     P.3    SE        0.000 
P.3    MG     -163.000     P.3    SR        0.000     P.3    CU        0.000 
P.3    MN        0.000     P.3    HG        0.000     P.3    CD        0.000 
P.3    NI        0.000     P.3    ZN       89.370     P.3    CA        0.000 
P.3    FE        0.000     P.3    CO.OH     0.000     P.3    DU        0.000 
P.3    SOL     134.700     F      F         0.000     F      CL        0.000 
F      BR        0.000     F      I         0.000     F      SE        0.000 
F      MG        0.000     F      SR        0.000     F      CU        0.000 
F      MN        0.000     F      HG        0.000     F      CD        0.000 
F      NI        0.000     F      ZN     -118.700     F      CA        0.000 
F      FE        0.000     F      CO.OH     0.000     F      DU        0.000 
F      SOL       3.117     CL     CL        0.000     CL     BR        0.000 
CL     I         0.000     CL     SE        0.000     CL     MG        0.000 
CL     SR        0.000     CL     CU        0.000     CL     MN        0.000 
CL     HG        0.000     CL     CD        0.000     CL     NI        0.000 
CL     ZN        0.000     CL     CA        0.000     CL     FE        0.000 
CL     CO.OH     0.000     CL     DU        0.000     CL     SOL     198.800 
BR     BR        0.000     BR     I         0.000     BR     SE        0.000 
BR     MG        0.000     BR     SR        0.000     BR     CU        0.000 
BR     MN        0.000     BR     HG        0.000     BR     CD        0.000 
BR     NI        0.000     BR     ZN        0.000     BR     CA        0.000 
BR     FE        0.000     BR     CO.OH     0.000     BR     DU        0.000 
BR     SOL     138.400     I      I         0.000     I      SE        0.000 
I      MG        0.000     I      SR        0.000     I      CU        0.000 
I      MN        0.000     I      HG        0.000     I      CD        0.000 
I      NI        0.000     I      ZN        0.000     I      CA        0.000 
I      FE        0.000     I      CO.OH     0.000     I      DU        0.000 
I      SOL       0.000     SE     SE        0.000     SE     MG        0.000 
SE     SR        0.000     SE     CU        0.000     SE     MN        0.000 
SE     HG        0.000     SE     CD        0.000     SE     NI        0.000 
SE     ZN        0.000     SE     CA        0.000     SE     FE        0.000 
SE     CO.OH     0.000     SE     DU        0.000     SE     SOL       0.000 
MG     MG        0.000     MG     SR        0.000     MG     CU        0.000 
MG     MN        0.000     MG     HG        0.000     MG     CD        0.000 
MG     NI        0.000     MG     ZN        0.000     MG     CA        0.000 
MG     FE        0.000     MG     CO.OH     0.000     MG     DU        0.000 
MG     SOL       0.000     SR     SR        0.000     SR     CU        0.000 
SR     MN        0.000     SR     HG        0.000     SR     CD        0.000 
SR     NI        0.000     SR     ZN        0.000     SR     CA        0.000 
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SR     FE        0.000     SR     CO.OH     0.000     SR     DU        0.000 
SR     SOL       0.000     CU     CU        0.000     CU     MN        0.000 
CU     HG        0.000     CU     CD        0.000     CU     NI        0.000 
CU     ZN        0.000     CU     CA        0.000     CU     FE        0.000 
CU     CO.OH     0.000     CU     DU        0.000     CU     SOL       0.000 
MN     MN        0.000     MN     HG        0.000     MN     CD        0.000 
MN     NI        0.000     MN     ZN        0.000     MN     CA        0.000 
MN     FE        0.000     MN     CO.OH     0.000     MN     DU        0.000 
MN     SOL       0.000     HG     HG        0.000     HG     CD        0.000 
HG     NI        0.000     HG     ZN        0.000     HG     CA        0.000 
HG     FE        0.000     HG     CO.OH     0.000     HG     DU        0.000 
HG     SOL       0.000     CD     CD        0.000     CD     NI        0.000 
CD     ZN        0.000     CD     CA        0.000     CD     FE        0.000 
CD     CO.OH     0.000     CD     DU        0.000     CD     SOL       0.000 
NI     NI        0.000     NI     ZN        0.000     NI     CA        0.000 
NI     FE        0.000     NI     CO.OH     0.000     NI     DU        0.000 
NI     SOL       0.000     ZN     ZN        0.000     ZN     CA        0.000 
ZN     FE        0.000     ZN     CO.OH     0.000     ZN     DU        0.000 
ZN     SOL       0.000     CA     CA        0.000     CA     FE        0.000 
CA     CO.OH     0.000     CA     DU        0.000     CA     SOL       0.000 
FE     FE        0.000     FE     CO.OH     0.000     FE     DU        0.000 
FE     SOL       0.000     CO.OH  CO.OH     0.000     CO.OH  DU        0.000 
CO.OH  SOL       0.000     DU     DU        0.000     DU     SOL       0.000 
SOL    SOL       0.000      
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Table S3. Internal probabilities of rotamer changes for protein side-chains 
 
Residuea Probability 
ARG 0.381 
ASN 0.279 
ASP 0.220 
CYS 0.048 
GLN 0.347 
GLU 0.188 
HIS 0.168 
ILE 0.172 
LEU 0.136 
LYS 0.532 
MET 0.342 
PHE 0.203 
SER 0.195 
THR 0.058 
TRP 0.090 
TYR 0.190 
VAL 0.070 
 
a Gly and Ala are excluded as their side-chain has no flexible bond as well as Pro as 
movements in the side-chain inevitably accompanies backbone movements. 
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Table S4. List of PDB entries used in each of the scenario 
 
  
Scenario Program 
PDB entriesa,b 
Ideal subset Largest common subset 
A
S
T
E
X 
N
A
T
I
V
E 
FLRP 
FlexAID 
1g9v *1gkc 1gm8 *1gpk *1hnn *1hp0 *1hq2 1hvy *1hwi *1hww *1ia1 
*1ig3 *1j3j 1jd0 *1jje *1jla *1k3u *1ke5 1kzk *1l2s *1l7f *1lpz *1lrh 
*1m2z 1meh 1mmv 1mzc *1n1m 1n2j *1n2v *1n46 *1nav *1of1 *1opk 1oq5 
*1owe *1oyt *1p2y *1p62 *1pmn *1q1g *1q41 *1q4g 1r1h *1r55 1r58 *1r9o 
*1s19 1s3v 1sg0 *1sj0 *1sq5 *1sqn 1t40 1t46 1t9b 1tow *1tt1 *1tz8 *1u1c 
*1u4d 1uml *1unl *1uou *1v0p *1v48 *1v4s *1vcj 1w1p *1w2g *1x8x 
1xm6 1xoq *1xoz *1y6b 1ygc 1yqy *1yv3 *1yvf 1ywr 1z95 2bm2 2br1 
*2bsm 
1g9v *1gkc 1gm8 *1gpk *1hnn *1hp0 *1hq2 1hvy *1hwi *1hww *1ig3 
1jd0 *1jje *1jla *1k3u *1ke5 1kzk *1l2s *1l7f *1lpz *1lrh *1m2z 1meh 
1mmv 1mzc *1n1m 1n2j *1n2v *1n46 *1nav *1of1 *1opk 1oq5 *1owe 
*1oyt *1p2y *1p62 *1pmn *1q1g *1q41 *1q4g 1r1h *1r55 1r58 *1r9o 
*1s19 1s3v *1sj0 *1sq5 *1sqn 1t40 1t46 1tow *1tt1 *1u4d 1uml *1unl 
*1uou *1v0p *1v48 *1v4s *1vcj 1w1p *1w2g *1x8x 1xm6 1xoq *1xoz 
*1y6b 1ygc 1yqy *1yvf 1ywr 1z95 2bm2 2br1 *2bsm 
Vina 
1g9v *1gkc 1gm8 *1gpk *1hnn *1hp0 *1hq2 1hvy *1hwi *1hww *1ig3 1jd0 
1jje *1jla *1k3u *1ke5 *1kzk *1l2s *1l7f *1lpz *1lrh *1m2z 1meh *1mmv 
*1mzc *1n1m *1n2j 1n2v *1n46 *1nav *1of1 *1opk *1oq5 *1owe *1oyt 
1p2y *1p62 *1pmn *1q1g 1q41 *1q4g *1r1h 1r55 1r58 *1r9o *1s19 *1s3v 
*1sj0 1sq5 *1sqn *1t40 *1t46 *1tow *1tt1 *1u4d *1uml *1unl *1uou 1v0p 
*1v48 *1v4s *1vcj 1w1p *1w2g *1x8x *1xm6 *1xoq *1xoz *1y6b *1ygc 
*1yqy *1yvf *1ywr *1z95 *2bm2 *2br1 *2bsm 
1g9v *1gkc 1gm8 *1gpk *1hnn *1hp0 *1hq2 1hvy *1hwi *1hww *1ig3 
1jd0 1jje *1jla *1k3u *1ke5 *1kzk *1l2s *1l7f *1lpz *1lrh *1m2z 1meh 
*1mmv *1mzc *1n1m *1n2j 1n2v *1n46 *1nav *1of1 *1opk *1oq5 
*1owe *1oyt 1p2y *1p62 *1pmn *1q1g 1q41 *1q4g *1r1h 1r55 1r58 
*1r9o *1s19 *1s3v *1sj0 1sq5 *1sqn *1t40 *1t46 *1tow *1tt1 *1u4d 
*1uml *1unl *1uou 1v0p *1v48 *1v4s *1vcj 1w1p *1w2g *1x8x *1xm6 
*1xoq *1xoz *1y6b *1ygc *1yqy *1yvf *1ywr *1z95 *2bm2 *2br1 
*2bsm 
FlexX 
1g9v *1gkc 1gm8 *1gpk *1hnn *1hp0 *1hq2 1hvy *1hwi *1hww *1ia1 1ig3 
*1j3j 1jd0 *1jje *1jla *1k3u *1ke5 *1kzk *1l2s *1l7f *1lpz *1lrh *1m2z 
1meh *1mmv *1mzc *1n1m 1n2j *1n2v *1n46 *1nav *1of1 *1of6 *1opk 
*1oq5 *1owe *1oyt *1p2y *1p62 *1pmn *1q1g *1q41 *1q4g *1r1h *1r55 
1r58 *1r9o *1s19 *1s3v *1sg0 *1sj0 1sq5 1sqn *1t40 *1t46 1t9b *1tow *1tt1 
*1tz8 *1u1c 1u4d *1uml *1unl *1uou 1v0p *1v48 *1v4s 1vcj *1w1p *1w2g 
*1x8x *1xm6 1xoq *1xoz *1y6b *1ygc 1yqy *1yv3 1yvf *1ywr *1z95 
*2bm2 2br1 *2bsm 
1g9v *1gkc 1gm8 *1gpk *1hnn *1hp0 *1hq2 1hvy *1hwi *1hww 1ig3 
1jd0 *1jje *1jla *1k3u *1ke5 *1kzk *1l2s *1l7f *1lpz *1lrh *1m2z 
1meh *1mmv *1mzc *1n1m 1n2j *1n2v *1n46 *1nav *1of1 *1opk 
*1oq5 *1owe *1oyt *1p2y *1p62 *1pmn *1q1g *1q41 *1q4g *1r1h 
*1r55 1r58 *1r9o *1s19 *1s3v *1sj0 1sq5 1sqn *1t40 *1t46 *1tow *1tt1 
1u4d *1uml *1unl *1uou 1v0p *1v48 *1v4s 1vcj *1w1p *1w2g *1x8x 
*1xm6 1xoq *1xoz *1y6b *1ygc 1yqy 1yvf *1ywr *1z95 *2bm2 2br1 
*2bsm 
rDock 
*1g9v *1gkc 1gm8 *1gpk *1hnn *1hp0 *1hq2 *1hvy *1hwi *1hww *1ia1 
*1ig3 *1j3j 1jd0 *1jje *1jla *1k3u *1ke5 *1kzk *1l2s *1l7f *1lpz *1lrh 
*1m2z *1meh *1mmv *1mzc *1n1m *1n2j 1n2v *1n46 *1nav *1of1 *1of6 
*1opk 1oq5 1owe *1oyt 1p2y *1p62 *1pmn *1q1g *1q41 *1q4g *1r1h *1r55 
*1r58 *1r9o *1s19 *1s3v *1sg0 *1sj0 1sq5 *1sqn *1t40 *1t46 *1t9b 1tow 
*1tt1 *1tz8 *1u1c *1u4d 1uml *1unl *1uou *1v0p *1v48 *1v4s *1vcj *1w1p 
*1w2g *1x8x *1xm6 *1xoq *1xoz *1y6b *1ygc *1yqy *1yv3 *1yvf *1ywr 
*1z95 *2bm2 *2br1 *2bsm 
*1g9v *1gkc 1gm8 *1gpk *1hnn *1hp0 *1hq2 *1hvy *1hwi *1hww 
*1ig3 1jd0 *1jje *1jla *1k3u *1ke5 *1kzk *1l2s *1l7f *1lpz *1lrh 
*1m2z *1meh *1mmv *1mzc *1n1m *1n2j 1n2v *1n46 *1nav *1of1 
*1opk 1oq5 1owe *1oyt 1p2y *1p62 *1pmn *1q1g *1q41 *1q4g *1r1h 
*1r55 *1r58 *1r9o *1s19 *1s3v *1sj0 1sq5 *1sqn *1t40 *1t46 1tow 
*1tt1 *1u4d 1uml *1unl *1uou *1v0p *1v48 *1v4s *1vcj *1w1p *1w2g 
*1x8x *1xm6 *1xoq *1xoz *1y6b *1ygc *1yqy *1yvf *1ywr *1z95 
*2bm2 *2br1 *2bsm 
N
O
N 
 
N
A
T
I
V
E 
FLRP FlexAID 
1fxh(1gm8) 1fxv(1gm8) 1gkf(1gm8) 1gm7(1gm8) *1dx6(1gpk) *1e66(1gpk) 
*1ea5(1gpk) *1eve(1gpk) *1gpn(1gpk) *1h22(1gpk) *1h23(1gpk) 
*1jjb(1gpk) *1odc(1gpk) *1qid(1gpk) *1qie(1gpk) *1qif(1gpk) *1qig(1gpk) 
*1qih(1gpk) *1qti(1gpk) *1ut6(1gpk) *1vot(1gpk) *1vxr(1gpk) *1w4l(1gpk) 
*1w6r(1gpk) *1w75(1gpk) *1zgb(1gpk) *1zgc(1gpk) *2ack(1gpk) 
*2c5g(1gpk) *2cek(1gpk) *2ckm(1gpk) *2cmf(1gpk) *1yz3(1hnn) 
*2an3(1hnn) *2an4(1hnn) *2an5(1hnn) *2g71(1hnn) *2g8n(1hnn) 
*2ff1(1hp0) *1q0n(1hq2) *1hty(1hww) *1hxk(1hww) *1ps3(1hww) 
*1r33(1hww) *1r34(1hww) *1tqs(1hww) *1tqt(1hww) *1tqu(1hww) 
*1tqv(1hww) *1tqw(1hww) *2alw(1hww) *2f18(1hww) 2f1a(1hww) 
*2f1b(1hww) *2f7o(1hww) *2f7p(1hww) *2f7q(1hww) 2f7r(1hww) 
*2fyv(1hww) *1ai9(1ia1) *1aoe(1ia1) *1ia2(1ia1) *1m78(1ia1) *1m7a(1ia1) 
2f17(1ig3) 1dd6(1jje) *1jjt(1jje) 1jkh(1jla) *1a50(1k3u) *1c29(1k3u) 
*1c8v(1k3u) *1c9d(1k3u) *1cw2(1k3u) *1cx9(1k3u) *1fuy(1k3u) 
*1qop(1k3u) *1tjp(1k3u) *1wbj(1k3u) *2trs(1k3u) *2tsy(1k3u) *1aq1(1ke5) 
1b38(1ke5) 1b39(1ke5) *1ckp(1ke5) *1di8(1ke5) 1e1v(1ke5) 1e1x(1ke5) 
*1e9h(1ke5) *1fin(1ke5) *1fvt(1ke5) 1gz8(1ke5) *1h00(1ke5) *1h08(1ke5) 
*1h0v(1ke5) 1h0w(1ke5) 1h1p(1ke5) 1h1q(1ke5) *1h1r(1ke5) *1h1s(1ke5) 
*1h24(1ke5) *1h25(1ke5) *1h26(1ke5) *1h27(1ke5) 1hck(1ke5) 1hcl(1ke5) 
1jsv(1ke5) *1ke6(1ke5) *1ke7(1ke5) *1ke8(1ke5) *1ke9(1ke5) *1oi9(1ke5) 
*1oiq(1ke5) *1oit(1ke5) *1oiu(1ke5) *1oiy(1ke5) *1okv(1ke5) *1okw(1ke5) 
*1p2a(1ke5) 1p5e(1ke5) *1pkd(1ke5) 1pw2(1ke5) 1pxi(1ke5) 1pxj(1ke5) 
*1pxl(1ke5) 1qmz(1ke5) *1urw(1ke5) *1v1k(1ke5) *1vyz(1ke5) 1w0x(1ke5) 
*1w8c(1ke5) *1w98(1ke5) 1wcc(1ke5) *1y8y(1ke5) *1y91(1ke5) 
*1ykr(1ke5) 2a0c(1ke5) *2a4l(1ke5) *2b52(1ke5) *2b53(1ke5) *2b54(1ke5) 
*2btr(1ke5) *2c5n(1ke5) *2c5o(1ke5) *2c5p(1ke5) 2c5y(1ke5) *2c68(1ke5) 
2c69(1ke5) 2c6i(1ke5) 2c6k(1ke5) 2c6l(1ke5) *2c6m(1ke5) *2c6o(1ke5) 
2cch(1ke5) *2cjm(1ke5) *2clx(1ke5) *2duv(1ke5) *2exm(1ke5) *2fvd(1ke5) 
*2g9x(1ke5) *2uue(1ke5) 1c3b(1l2s) 1fco(1l2s) 1fsw(1l2s) 1fsy(1l2s) 
1ga9(1l2s) 1iel(1l2s) 1iem(1l2s) 1kds(1l2s) 1kdw(1l2s) 1ke0(1l2s) 1ke3(1l2s) 
1ke4(1l2s) 1kvm(1l2s) 1ll5(1l2s) 1ll9(1l2s) 1llb(1l2s) 1mxo(1l2s) 1my8(1l2s) 
1xgi(1l2s) *1xgj(1l2s) 2bls(1l2s) 2hdq(1l2s) 2hdr(1l2s) 2hdu(1l2s) 3bls(1l2s) 
*1a14(1l7f) *1f8b(1l7f) *1f8c(1l7f) *1f8d(1l7f) *1f8e(1l7f) *1iny(1l7f) 
*1mwe(1l7f) *1nca(1l7f) *1ncb(1l7f) *1ncc(1l7f) *1nmb(1l7f) *1nmc(1l7f) 
*1nna(1l7f) *1xoe(1l7f) *2b8h(1l7f) *2c4a(1l7f) *2c4l(1l7f) *2qwi(1l7f) 
*2qwj(1l7f) *2qwk(1l7f) *3nn9(1l7f) *4nn9(1l7f) *5nn9(1l7f) *6nn9(1l7f) 
*7nn9(1l7f) *1ezq(1lpz) 1f0r(1lpz) 1f0s(1lpz) 1fjs(1lpz) 1g2l(1lpz) 
1ksn(1lpz) *1kye(1lpz) 1lpg(1lpz) *1lpk(1lpz) 1mq5(1lpz) 1mq6(1lpz) 
*1nfu(1lpz) *1nfw(1lpz) 1nfx(1lpz) 1nfy(1lpz) 1xka(1lpz) 1xkb(1lpz) 
1z6e(1lpz) 2boh(1lpz) *2bok(1lpz) *2bq7(1lpz) 2fzz(1lpz) 2g00(1lpz) 
2h9e(1lpz) 2j2u(1lpz) 2j34(1lpz) 2j38(1lpz) 2j4i(1lpz) *2j94(1lpz) 2j95(1lpz) 
2uwl(1lpz) *2uwo(1lpz) 2uwp(1lpz) *1lr5(1lrh) 1me9(1meh) *1k2r(1mmv) 
1k2t(1mmv) 1k2u(1mmv) *1lzx(1mmv) 1lzz(1mmv) 1m00(1mmv) 
1mmw(1mmv) 1om5(1mmv) 1p6h(1mmv) 1p6i(1mmv) 1p6j(1mmv) 
1qw6(1mmv) 1qwc(1mmv) 1rs6(1mmv) 1rs7(1mmv) 1vag(1mmv) 
*1dx6(1gpk) *1e66(1gpk) *1ea5(1gpk) *1eve(1gpk) *1gpn(1gpk) 
*1h22(1gpk) *1h23(1gpk) *1jjb(1gpk) *1odc(1gpk) *1qid(1gpk) 
*1qie(1gpk) *1qif(1gpk) *1qig(1gpk) *1qih(1gpk) *1qti(1gpk) 
*1ut6(1gpk) *1vot(1gpk) *1vxr(1gpk) *1w4l(1gpk) *1w6r(1gpk) 
*1w75(1gpk) *1zgb(1gpk) *1zgc(1gpk) *2ack(1gpk) *2c5g(1gpk) 
*2cek(1gpk) *2ckm(1gpk) *2cmf(1gpk) *1yz3(1hnn) *2an3(1hnn) 
*2an4(1hnn) *2an5(1hnn) *2g71(1hnn) *2g8n(1hnn) *2ff1(1hp0) 
*1q0n(1hq2) *1hty(1hww) *1hxk(1hww) *1ps3(1hww) *1r33(1hww) 
*1r34(1hww) *1tqs(1hww) *1tqt(1hww) *1tqu(1hww) *1tqv(1hww) 
*1tqw(1hww) *2alw(1hww) *2f18(1hww) 2f1a(1hww) *2f1b(1hww) 
*2f7o(1hww) *2f7p(1hww) *2f7q(1hww) 2f7r(1hww) 1dd6(1jje) 
*1jjt(1jje) 1jkh(1jla) *1a50(1k3u) *1c29(1k3u) *1c8v(1k3u) 
*1c9d(1k3u) *1cw2(1k3u) *1cx9(1k3u) *1fuy(1k3u) *1qop(1k3u) 
*1tjp(1k3u) *1wbj(1k3u) *2trs(1k3u) *2tsy(1k3u) *1aq1(1ke5) 
1b38(1ke5) 1b39(1ke5) *1ckp(1ke5) *1di8(1ke5) 1e1v(1ke5) 
1e1x(1ke5) *1e9h(1ke5) *1fin(1ke5) *1fvt(1ke5) 1gz8(1ke5) 
*1h00(1ke5) *1h08(1ke5) *1h0v(1ke5) 1h0w(1ke5) 1h1p(1ke5) 
1h1q(1ke5) *1h1r(1ke5) *1h1s(1ke5) *1h24(1ke5) *1h25(1ke5) 
*1h26(1ke5) *1h27(1ke5) 1hck(1ke5) 1hcl(1ke5) 1jsv(1ke5) 
*1ke6(1ke5) *1ke7(1ke5) *1ke8(1ke5) *1ke9(1ke5) *1oi9(1ke5) 
*1oiq(1ke5) *1oit(1ke5) *1oiu(1ke5) *1oiy(1ke5) *1okv(1ke5) 
*1okw(1ke5) *1p2a(1ke5) 1p5e(1ke5) *1pkd(1ke5) 1pw2(1ke5) 
1pxi(1ke5) 1pxj(1ke5) *1pxl(1ke5) 1qmz(1ke5) *1urw(1ke5) 
*1v1k(1ke5) *1vyz(1ke5) 1w0x(1ke5) *1w8c(1ke5) *1w98(1ke5) 
1wcc(1ke5) *1y8y(1ke5) *1y91(1ke5) *1ykr(1ke5) 2a0c(1ke5) 
*2a4l(1ke5) *2b52(1ke5) *2b53(1ke5) *2b54(1ke5) *2btr(1ke5) 
*2c5n(1ke5) *2c5o(1ke5) *2c5p(1ke5) 2c5y(1ke5) 2c69(1ke5) 
2c6i(1ke5) 2c6k(1ke5) 2c6l(1ke5) *2c6o(1ke5) 2cch(1ke5) *2cjm(1ke5) 
*2clx(1ke5) *2duv(1ke5) *2exm(1ke5) *2fvd(1ke5) *2g9x(1ke5) 
*2uue(1ke5) 1fco(1l2s) 1iel(1l2s) 1ke4(1l2s) 1kvm(1l2s) 1ll5(1l2s) 
1ll9(1l2s) 1llb(1l2s) 1xgi(1l2s) *1xgj(1l2s) 2bls(1l2s) 2hdq(1l2s) 
2hdr(1l2s) 2hdu(1l2s) *1a14(1l7f) *1f8b(1l7f) *1f8c(1l7f) *1f8d(1l7f) 
*1f8e(1l7f) *1iny(1l7f) *1mwe(1l7f) *1nca(1l7f) *1ncb(1l7f) 
*1ncc(1l7f) *1nmb(1l7f) *1nmc(1l7f) *1nna(1l7f) *1xoe(1l7f) 
*2b8h(1l7f) *2c4a(1l7f) *2c4l(1l7f) *2qwi(1l7f) *2qwj(1l7f) 
*2qwk(1l7f) *3nn9(1l7f) *4nn9(1l7f) *5nn9(1l7f) *6nn9(1l7f) 
*7nn9(1l7f) *1ezq(1lpz) 1f0r(1lpz) 1f0s(1lpz) 1fjs(1lpz) 1g2l(1lpz) 
1ksn(1lpz) *1kye(1lpz) 1lpg(1lpz) *1lpk(1lpz) 1mq5(1lpz) 1mq6(1lpz) 
*1nfu(1lpz) *1nfw(1lpz) 1nfx(1lpz) 1nfy(1lpz) 1xka(1lpz) 1xkb(1lpz) 
1z6e(1lpz) 2boh(1lpz) *2bok(1lpz) *2bq7(1lpz) 2fzz(1lpz) 2g00(1lpz) 
2h9e(1lpz) 2j2u(1lpz) 2j34(1lpz) 2j38(1lpz) 2j4i(1lpz) *2j94(1lpz) 
2j95(1lpz) 2uwl(1lpz) *2uwo(1lpz) 2uwp(1lpz) *1lr5(1lrh) 1me9(1meh) 
*1k2r(1mmv) 1k2t(1mmv) 1k2u(1mmv) *1lzx(1mmv) 1lzz(1mmv) 
1m00(1mmv) 1mmw(1mmv) 1om5(1mmv) 1p6h(1mmv) 1p6i(1mmv) 
1p6j(1mmv) 1qw6(1mmv) 1qwc(1mmv) 1rs6(1mmv) 1rs7(1mmv) 
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1zvi(1mmv) 2hx3(1mmv) 2hx4(1mmv) *1nu6(1n1m) *1nu8(1n1m) 
*1pfq(1n1m) *1rwq(1n1m) *1tk3(1n1m) *1x70(1n1m) *2ajl(1n1m) 
*2fjp(1n1m) *2g5p(1n1m) *2g5t(1n1m) *2hha(1n1m) *2iit(1n1m) 
*2iiv(1n1m) *2ogz(1n1m) *2oph(1n1m) *2p8s(1n1m) 1mop(1n2j) 
1n2b(1n2j) 1n2e(1n2j) 1n2g(1n2j) 1n2h(1n2j) 1n2i(1n2j) 2a86(1n2j) 
1enu(1n2v) 1f3e(1n2v) *1k4g(1n2v) *1k4h(1n2v) 1p0b(1n2v) 1p0d(1n2v) 
1p0e(1n2v) 1pud(1n2v) *1q63(1n2v) 1q65(1n2v) *1r5y(1n2v) *1s38(1n2v) 
1s39(1n2v) *1y5x(1n2v) *2bbf(1n2v) *1xzx(1n46) *2h6w(1n46) *1e2i(1of1) 
*1e2k(1of1) *1p7c(1of1) *2f4j(1opk) *2fo0(1opk) *2g2h(1opk) *2hiw(1opk) 
*2hyy(1opk) *2hzi(1opk) 1a42(1oq5) *1am6(1oq5) 1avn(1oq5) *1bcd(1oq5) 
1bn1(1oq5) 1bn3(1oq5) 1bn4(1oq5) 1bnn(1oq5) 1bnq(1oq5) 1bnt(1oq5) 
1bnu(1oq5) 1bnv(1oq5) 1bnw(1oq5) 1bv3(1oq5) 1ca2(1oq5) 1ca3(1oq5) 
1cao(1oq5) 1cay(1oq5) 1cil(1oq5) 1cim(1oq5) 1cin(1oq5) 1cng(1oq5) 
*1cnw(1oq5) *1cnx(1oq5) 1cny(1oq5) 1cra(1oq5) 1eou(1oq5) 1f2w(1oq5) 
1fql(1oq5) *1fqm(1oq5) 1g0e(1oq5) 1g0f(1oq5) 1g1d(1oq5) 1g52(1oq5) 
1g53(1oq5) 1g54(1oq5) 1hca(1oq5) 1i8z(1oq5) 1i90(1oq5) 1i91(1oq5) 
1if4(1oq5) 1if5(1oq5) 1if6(1oq5) 1if7(1oq5) 1if8(1oq5) 1if9(1oq5) 
1kwr(1oq5) 1lug(1oq5) 1lzv(1oq5) 1moo(1oq5) 1okl(1oq5) 1okm(1oq5) 
1okn(1oq5) *1ray(1oq5) 1raz(1oq5) 1t9n(1oq5) 1tb0(1oq5) 1tbt(1oq5) 
1te3(1oq5) 1teq(1oq5) 1teu(1oq5) 1ttm(1oq5) 1ugb(1oq5) 1ugd(1oq5) 
1ugg(1oq5) 1xeg(1oq5) 1xev(1oq5) 1xpz(1oq5) 1xq0(1oq5) 1z9y(1oq5) 
1ze8(1oq5) 1zfk(1oq5) 1zfq(1oq5) 1zge(1oq5) 1zgf(1oq5) 1zh9(1oq5) 
1zsb(1oq5) *1zsc(1oq5) 2aw1(1oq5) 2ax2(1oq5) 2ca2(1oq5) 2cba(1oq5) 
2cbb(1oq5) 2cbc(1oq5) *2cbd(1oq5) 2eu2(1oq5) 2eu3(1oq5) 2ez7(1oq5) 
2f14(1oq5) 2fmz(1oq5) 2fnk(1oq5) 2fnm(1oq5) 2fnn(1oq5) 2foq(1oq5) 
2fos(1oq5) 2fov(1oq5) 2gd8(1oq5) 2geh(1oq5) 2h15(1oq5) *2hd6(1oq5) 
2hkk(1oq5) 2hl4(1oq5) 2hnc(1oq5) 2hoc(1oq5) 2ili(1oq5) 2nng(1oq5) 
2nno(1oq5) 2nns(1oq5) 2nnv(1oq5) 2nxr(1oq5) 2nxs(1oq5) 2nxt(1oq5) 
2o4z(1oq5) *4ca2(1oq5) 4cac(1oq5) 5cac(1oq5) *1c5x(1owe) *1c5y(1owe) 
*1c5z(1owe) 1ejn(1owe) *1f5k(1owe) *1f5l(1owe) *1gi7(1owe) 
*1gi8(1owe) *1gi9(1owe) *1gj7(1owe) *1gj8(1owe) *1gj9(1owe) 
*1gja(1owe) *1gjb(1owe) *1gjc(1owe) *1gjd(1owe) *1o3p(1owe) 
*1owd(1owe) *1owh(1owe) *1sc8(1owe) *1sqa(1owe) *1sqo(1owe) 
*1sqt(1owe) *1u6q(1owe) *1vj9(1owe) *1vja(1owe) *1a2c(1oyt) 
*1a46(1oyt) *1a4w(1oyt) *1a5g(1oyt) *1a61(1oyt) *1abj(1oyt) *1ad8(1oyt) 
*1ae8(1oyt) *1afe(1oyt) *1aht(1oyt) *1ay6(1oyt) *1b5g(1oyt) *1ba8(1oyt) 
*1bcu(1oyt) *1c1u(1oyt) 1c1v(1oyt) *1c1w(1oyt) *1c4u(1oyt) *1c5l(1oyt) 
*1c5n(1oyt) *1c5o(1oyt) *1d3d(1oyt) *1d3p(1oyt) *1d4p(1oyt) *1d6w(1oyt) 
*1d9i(1oyt) *1de7(1oyt) 1doj(1oyt) 1dx5(1oyt) *1eb1(1oyt) *1fpc(1oyt) 
*1g30(1oyt) 1g32(1oyt) *1g37(1oyt) *1ghv(1oyt) *1ghw(1oyt) *1ghx(1oyt) 
1ghy(1oyt) *1gj4(1oyt) *1gj5(1oyt) *1h8i(1oyt) 1hag(1oyt) *1hah(1oyt) 
1hai(1oyt) *1hgt(1oyt) *1hxe(1oyt) *1hxf(1oyt) 1k21(1oyt) *1k22(1oyt) 
*1kts(1oyt) *1ktt(1oyt) *1lhc(1oyt) *1lhd(1oyt) *1lhe(1oyt) *1lhf(1oyt) 
*1lhg(1oyt) *1mu6(1oyt) *1mu8(1oyt) *1mue(1oyt) 1nm6(1oyt) *1no9(1oyt) 
*1nrr(1oyt) *1nt1(1oyt) 1nzq(1oyt) *1o0d(1oyt) *1o2g(1oyt) *1o5g(1oyt) 
*1qbv(1oyt) *1sb1(1oyt) *1sfq(1oyt) 1sg8(1oyt) *1sgi(1oyt) 1shh(1oyt) 
*1sl3(1oyt) *1t4u(1oyt) 1t4v(1oyt) *1ta6(1oyt) *1thr(1oyt) *1ths(1oyt) 
*1tmb(1oyt) 1tmu(1oyt) *1tom(1oyt) *1uma(1oyt) *1vr1(1oyt) *1vzq(1oyt) 
1w7g(1oyt) *1way(1oyt) *1xm1(1oyt) 1xmn(1oyt) *1ype(1oyt) *1ypg(1oyt) 
*1ypj(1oyt) *1ypk(1oyt) *1ypl(1oyt) *1ypm(1oyt) *1z71(1oyt) *1zgi(1oyt) 
1zgv(1oyt) *1zrb(1oyt) *2a2x(1oyt) *2ank(1oyt) *2anm(1oyt) *2bvr(1oyt) 
*2bvs(1oyt) 2bxt(1oyt) *2c8w(1oyt) *2c8x(1oyt) *2c8y(1oyt) 2c8z(1oyt) 
*2c90(1oyt) *2c93(1oyt) *2cf8(1oyt) *2cf9(1oyt) 2cn0(1oyt) *2feq(1oyt) 
*2fes(1oyt) *2gde(1oyt) 2gp9(1oyt) 2od3(1oyt) *4thn(1oyt) *5gds(1oyt) 
*7kme(1oyt) *8kme(1oyt) *1akd(1p2y) *1cp4(1p2y) 1dz4(1p2y) 1dz6(1p2y) 
1dz8(1p2y) 1dz9(1p2y) 1gek(1p2y) 1gem(1p2y) 1gjm(1p2y) *1iwi(1p2y) 
*1iwj(1p2y) *1iwk(1p2y) 1lwl(1p2y) 1noo(1p2y) 1o76(1p2y) 1pha(1p2y) 
*1phc(1p2y) *1phd(1p2y) 1phe(1p2y) 1phf(1p2y) *1phg(1p2y) *1re9(1p2y) 
1t85(1p2y) 1t86(1p2y) *1t87(1p2y) 1t88(1p2y) 1uyu(1p2y) *1yrc(1p2y) 
1yrd(1p2y) 2a1m(1p2y) *2cpp(1p2y) 2h7q(1p2y) 3cp4(1p2y) *4cp4(1p2y) 
*4cpp(1p2y) *5cp4(1p2y) 5cpp(1p2y) *6cpp(1p2y) *7cpp(1p2y) 8cpp(1p2y) 
*1p5z(1p62) *1p60(1p62) *1p61(1p62) *2no9(1p62) *2noa(1p62) 
1jnk(1pmn) *1pmq(1pmn) 1pmv(1pmn) *2o0u(1pmn) *1nw4(1q1g) 
*1j1b(1q41) *1j1c(1q41) *1pyx(1q41) 1q3d(1q41) *1q3w(1q41) 
*1q5k(1q41) *1r0e(1q41) *2ayl(1q4g) *1r54(1r55) *1db1(1s19) *1ie8(1s19) 
*1ie9(1s19) *1s0z(1s19) *1txi(1s19) *2ham(1s19) *2har(1s19) *2has(1s19) 
*2hb7(1s19) *2hb8(1s19) 1dhf(1s3v) 1drf(1s3v) 1hfr(1s3v) 1mvs(1s3v) 
1mvt(1s3v) 1pd9(1s3v) 1pdb(1s3v) 1s3u(1s3v) 2dhf(1s3v) 1qr2(1sg0) 
1xi2(1sg0) 1zx1(1sg0) 2bzs(1sg0) 2qr2(1sg0) 2ouz(1sj0) *3ert(1sj0) 
*1a28(1sqn) *1sr7(1sqn) *1zuc(1sqn) 1s9t(1tt1) *1sd3(1tt1) *1u1d(1u1c) 
*1u1e(1u1c) *1u1f(1u1c) 1y1r(1u1c) 2j0f(1uou) 1ob3(1v0p) 1v0b(1v0p) 
1v0o(1v0p) *1a4g(1vcj) *1a4q(1vcj) *1b9s(1vcj) *1b9t(1vcj) *1b9v(1vcj) 
*1inf(1vcj) *1inv(1vcj) *1ivb(1vcj) *1nsb(1vcj) 1nsc(1vcj) 1nsd(1vcj) 
1e15(1w1p) 1e6r(1w1p) 1gpf(1w1p) 1h0g(1w1p) 1h0i(1w1p) 1o6i(1w1p) 
1ur8(1w1p) 1w1t(1w1p) 1w1v(1w1p) 1w1y(1w1p) *1g3u(1w2g) 
*1gsi(1w2g) *1mrn(1w2g) *1mrs(1w2g) *1n5i(1w2g) *1n5k(1w2g) 
*1n5l(1w2g) *1w2h(1w2g) *1t9s(1xoz) *1tbf(1xoz) *1xp0(1xoz) 
*2chm(1xoz) 1d0x(1yv3) 1d0y(1yv3) 1d0z(1yv3) 1d1a(1yv3) 1d1b(1yv3) 
1d1c(1yv3) 1fmv(1yv3) 1fmw(1yv3) 1jwy(1yv3) 1jx2(1yv3) 1lvk(1yv3) 
1mma(1yv3) 1mmd(1yv3) 1mmg(1yv3) 1mmn(1yv3) 1vom(1yv3) 
*1nb4(1yvf) 2ax8(1z95) 1ia8(2br1) 1nvq(2br1) 1nvr(2br1) 1nvs(2br1) 
1zlt(2br1) 1zys(2br1) 2brb(2br1) 2brg(2br1) 2brh(2br1) 2brm(2br1) 
2bro(2br1) 2c3l(2br1) 2cgu(2br1) 2cgw(2br1) 2cgx(2br1) 2hog(2br1) 
*1byq(2bsm) 1osf(2bsm) 1uy6(2bsm) 1uy7(2bsm) 1uy8(2bsm) 1uy9(2bsm) 
1uyc(2bsm) 1uyd(2bsm) 1uye(2bsm) 1uyf(2bsm) 1uyg(2bsm) 1uyh(2bsm) 
1uyi(2bsm) 1uyk(2bsm) *1uyl(2bsm) *1yc1(2bsm) *1yc3(2bsm) 
*1yc4(2bsm) 1yer(2bsm) *1yes(2bsm) 1yet(2bsm) *2bt0(2bsm) *2byh(2bsm) 
*2byi(2bsm) 2bz5(2bsm) 2ccs(2bsm) 2cct(2bsm) 2cdd(2bsm) 2fwy(2bsm) 
2fwz(2bsm) 2h55(2bsm) *2uwd(2bsm) 
1vag(1mmv) 1zvi(1mmv) 2hx3(1mmv) 2hx4(1mmv) *1nu6(1n1m) 
*1nu8(1n1m) *1pfq(1n1m) *1rwq(1n1m) *1tk3(1n1m) *1x70(1n1m) 
*2ajl(1n1m) *2fjp(1n1m) *2g5p(1n1m) *2g5t(1n1m) *2hha(1n1m) 
*2iit(1n1m) *2iiv(1n1m) *2ogz(1n1m) *2oph(1n1m) *2p8s(1n1m) 
1enu(1n2v) 1f3e(1n2v) *1k4g(1n2v) *1k4h(1n2v) 1p0b(1n2v) 
1p0d(1n2v) 1p0e(1n2v) 1pud(1n2v) *1q63(1n2v) 1q65(1n2v) 
*1r5y(1n2v) *1s38(1n2v) 1s39(1n2v) *1y5x(1n2v) *2bbf(1n2v) 
*1e2i(1of1) *1e2k(1of1) *2f4j(1opk) *2fo0(1opk) *2g2h(1opk) 
*2hiw(1opk) *2hyy(1opk) *2hzi(1opk) 1a42(1oq5) *1am6(1oq5) 
1avn(1oq5) *1bcd(1oq5) 1bn1(1oq5) 1bn3(1oq5) 1bn4(1oq5) 
1bnn(1oq5) 1bnq(1oq5) 1bnt(1oq5) 1bnu(1oq5) 1bnv(1oq5) 1bnw(1oq5) 
1bv3(1oq5) 1ca2(1oq5) 1ca3(1oq5) 1cao(1oq5) 1cay(1oq5) 1cil(1oq5) 
1cim(1oq5) 1cin(1oq5) 1cng(1oq5) *1cnw(1oq5) *1cnx(1oq5) 
1cny(1oq5) 1cra(1oq5) 1eou(1oq5) 1f2w(1oq5) 1fql(1oq5) *1fqm(1oq5) 
1g0e(1oq5) 1g0f(1oq5) 1g1d(1oq5) 1g52(1oq5) 1g53(1oq5) 1g54(1oq5) 
1hca(1oq5) 1i8z(1oq5) 1i90(1oq5) 1i91(1oq5) 1if4(1oq5) 1if5(1oq5) 
1if6(1oq5) 1if7(1oq5) 1if8(1oq5) 1if9(1oq5) 1kwr(1oq5) 1lug(1oq5) 
1lzv(1oq5) 1moo(1oq5) 1okl(1oq5) 1okm(1oq5) 1okn(1oq5) 
*1ray(1oq5) 1raz(1oq5) 1t9n(1oq5) 1tb0(1oq5) 1tbt(1oq5) 1te3(1oq5) 
1teq(1oq5) 1teu(1oq5) 1ttm(1oq5) 1ugb(1oq5) 1ugd(1oq5) 1ugg(1oq5) 
1xeg(1oq5) 1xev(1oq5) 1xpz(1oq5) 1xq0(1oq5) 1z9y(1oq5) 1ze8(1oq5) 
1zfk(1oq5) 1zfq(1oq5) 1zge(1oq5) 1zgf(1oq5) 1zh9(1oq5) 1zsb(1oq5) 
*1zsc(1oq5) 2aw1(1oq5) 2ax2(1oq5) 2ca2(1oq5) 2cba(1oq5) 2cbb(1oq5) 
2cbc(1oq5) *2cbd(1oq5) 2eu2(1oq5) 2eu3(1oq5) 2ez7(1oq5) 2f14(1oq5) 
2fmz(1oq5) 2fnk(1oq5) 2fnm(1oq5) 2fnn(1oq5) 2foq(1oq5) 2fos(1oq5) 
2fov(1oq5) 2gd8(1oq5) 2geh(1oq5) 2h15(1oq5) *2hd6(1oq5) 
2hkk(1oq5) 2hl4(1oq5) 2hnc(1oq5) 2hoc(1oq5) 2ili(1oq5) 2nng(1oq5) 
2nno(1oq5) 2nns(1oq5) 2nnv(1oq5) 2nxr(1oq5) 2nxs(1oq5) 2nxt(1oq5) 
2o4z(1oq5) *4ca2(1oq5) 4cac(1oq5) 5cac(1oq5) *1c5x(1owe) 
*1c5y(1owe) *1c5z(1owe) 1ejn(1owe) *1f5k(1owe) *1f5l(1owe) 
*1gi7(1owe) *1gi8(1owe) *1gi9(1owe) *1gj7(1owe) *1gj8(1owe) 
*1gj9(1owe) *1gja(1owe) *1gjb(1owe) *1gjc(1owe) *1gjd(1owe) 
*1o3p(1owe) *1owd(1owe) *1owh(1owe) *1sc8(1owe) *1sqa(1owe) 
*1sqo(1owe) *1sqt(1owe) *1u6q(1owe) *1vj9(1owe) *1vja(1owe) 
*1a2c(1oyt) *1a46(1oyt) *1a4w(1oyt) *1a5g(1oyt) *1a61(1oyt) 
*1abj(1oyt) *1ad8(1oyt) *1ae8(1oyt) *1afe(1oyt) *1aht(1oyt) 
*1ay6(1oyt) *1b5g(1oyt) *1ba8(1oyt) *1bcu(1oyt) *1c1u(1oyt) 
1c1v(1oyt) *1c1w(1oyt) *1c4u(1oyt) *1c5l(1oyt) *1c5n(1oyt) 
*1c5o(1oyt) *1d3d(1oyt) *1d3p(1oyt) *1d4p(1oyt) *1d6w(1oyt) 
*1d9i(1oyt) *1de7(1oyt) 1doj(1oyt) 1dx5(1oyt) *1eb1(1oyt) *1fpc(1oyt) 
*1g30(1oyt) 1g32(1oyt) *1g37(1oyt) *1ghv(1oyt) *1ghw(1oyt) 
*1ghx(1oyt) 1ghy(1oyt) *1gj4(1oyt) *1gj5(1oyt) *1h8i(1oyt) 1hag(1oyt) 
*1hah(1oyt) 1hai(1oyt) *1hgt(1oyt) *1hxf(1oyt) 1k21(1oyt) *1k22(1oyt) 
*1kts(1oyt) *1ktt(1oyt) *1lhc(1oyt) *1lhd(1oyt) *1lhe(1oyt) *1lhf(1oyt) 
*1lhg(1oyt) *1mu6(1oyt) *1mu8(1oyt) *1mue(1oyt) 1nm6(1oyt) 
*1no9(1oyt) *1nrr(1oyt) *1nt1(1oyt) 1nzq(1oyt) *1o0d(1oyt) 
*1o2g(1oyt) *1o5g(1oyt) *1qbv(1oyt) *1sb1(1oyt) *1sfq(1oyt) 
1sg8(1oyt) *1sgi(1oyt) 1shh(1oyt) *1sl3(1oyt) *1t4u(1oyt) 1t4v(1oyt) 
*1ta6(1oyt) *1thr(1oyt) *1ths(1oyt) *1tmb(1oyt) 1tmu(1oyt) 
*1tom(1oyt) *1uma(1oyt) *1vr1(1oyt) *1vzq(1oyt) 1w7g(1oyt) 
*1way(1oyt) *1xm1(1oyt) 1xmn(1oyt) *1ype(1oyt) *1ypg(1oyt) 
*1ypj(1oyt) *1ypk(1oyt) *1ypl(1oyt) *1ypm(1oyt) *1z71(1oyt) 
*1zgi(1oyt) 1zgv(1oyt) *1zrb(1oyt) *2a2x(1oyt) *2ank(1oyt) 
*2anm(1oyt) *2bvr(1oyt) *2bvs(1oyt) 2bxt(1oyt) *2c8w(1oyt) 
*2c8x(1oyt) *2c8y(1oyt) 2c8z(1oyt) *2c90(1oyt) *2c93(1oyt) 
*2cf8(1oyt) *2cf9(1oyt) 2cn0(1oyt) *2feq(1oyt) *2fes(1oyt) *2gde(1oyt) 
2gp9(1oyt) 2od3(1oyt) *4thn(1oyt) *5gds(1oyt) *7kme(1oyt) 
*8kme(1oyt) *1akd(1p2y) *1cp4(1p2y) 1dz4(1p2y) 1dz6(1p2y) 
1dz8(1p2y) 1dz9(1p2y) 1gek(1p2y) 1gem(1p2y) 1gjm(1p2y) 
*1iwi(1p2y) *1iwj(1p2y) *1iwk(1p2y) 1lwl(1p2y) 1noo(1p2y) 
1o76(1p2y) 1pha(1p2y) *1phc(1p2y) *1phd(1p2y) 1phe(1p2y) 
1phf(1p2y) *1phg(1p2y) *1re9(1p2y) 1t85(1p2y) 1t86(1p2y) 
*1t87(1p2y) 1t88(1p2y) *1yrc(1p2y) 1yrd(1p2y) 2a1m(1p2y) 
*2cpp(1p2y) 2h7q(1p2y) 3cp4(1p2y) *4cp4(1p2y) *4cpp(1p2y) 
*5cp4(1p2y) 5cpp(1p2y) *6cpp(1p2y) *7cpp(1p2y) 8cpp(1p2y) 
*1p5z(1p62) *1p60(1p62) *1p61(1p62) *2no9(1p62) *2noa(1p62) 
1s9t(1tt1) *1sd3(1tt1) *1u1d(1u1c) *1u1e(1u1c) *1u1f(1u1c) 2j0f(1uou) 
1ob3(1v0p) 1v0b(1v0p) 1v0o(1v0p) *1a4g(1vcj) *1a4q(1vcj) 
*1b9s(1vcj) *1b9t(1vcj) *1b9v(1vcj) *1inf(1vcj) *1inv(1vcj) 
*1ivb(1vcj) *1nsb(1vcj) 1nsc(1vcj) 1nsd(1vcj) 1e15(1w1p) 1e6r(1w1p) 
1gpf(1w1p) 1h0g(1w1p) 1h0i(1w1p) 1o6i(1w1p) 1ur8(1w1p) 
1w1t(1w1p) 1w1v(1w1p) 1w1y(1w1p) *1g3u(1w2g) *1gsi(1w2g) 
*1mrn(1w2g) *1mrs(1w2g) *1n5i(1w2g) *1n5k(1w2g) *1n5l(1w2g) 
*1w2h(1w2g) *1t9s(1xoz) *1tbf(1xoz) *1xp0(1xoz) *2chm(1xoz) 
1fmv(1yv3) 1fmw(1yv3) 1jwy(1yv3) 1jx2(1yv3) 1mma(1yv3) 
1mmg(1yv3) 1mmn(1yv3) *1nb4(1yvf) 2ax8(1z95) *1byq(2bsm) 
1osf(2bsm) 1uy6(2bsm) 1uy7(2bsm) 1uy8(2bsm) 1uy9(2bsm) 
1uyc(2bsm) 1uyd(2bsm) 1uye(2bsm) 1uyf(2bsm) 1uyg(2bsm) 
1uyh(2bsm) 1uyi(2bsm) 1uyk(2bsm) *1uyl(2bsm) *1yc1(2bsm) 
*1yc3(2bsm) *1yc4(2bsm) 1yer(2bsm) *1yes(2bsm) 1yet(2bsm) 
*2bt0(2bsm) *2byh(2bsm) *2byi(2bsm) 2bz5(2bsm) 2ccs(2bsm) 
2cct(2bsm) 2cdd(2bsm) 2fwy(2bsm) 2fwz(2bsm) 2h55(2bsm) 
*2uwd(2bsm) 
Vina 1fxh(1gm8) 1fxv(1gm8) 1gkf(1gm8) 1gm7(1gm8) 1dx6(1gpk) *1e66(1gpk) 1ea5(1gpk) 1eve(1gpk) *1gpn(1gpk) *1h22(1gpk) 1h23(1gpk) 1jjb(1gpk) 1dx6(1gpk) *1e66(1gpk) 1ea5(1gpk) 1eve(1gpk) *1gpn(1gpk) *1h22(1gpk) 1h23(1gpk) 1jjb(1gpk) 1odc(1gpk) 1qid(1gpk) 1qie(1gpk) 
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1odc(1gpk) 1qid(1gpk) 1qie(1gpk) *1qif(1gpk) *1qig(1gpk) *1qih(1gpk) 
1qti(1gpk) *1ut6(1gpk) 1vot(1gpk) 1vxr(1gpk) 1w4l(1gpk) *1w6r(1gpk) 
1w75(1gpk) 1zgb(1gpk) 1zgc(1gpk) *2ack(1gpk) *2c5g(1gpk) *2cek(1gpk) 
*2ckm(1gpk) *2cmf(1gpk) *1yz3(1hnn) *2an3(1hnn) 2an4(1hnn) 
*2an5(1hnn) *2g71(1hnn) *2g8n(1hnn) *2ff1(1hp0) *1q0n(1hq2) 
1hty(1hww) 1hxk(1hww) 1ps3(1hww) 1r33(1hww) 1r34(1hww) 1tqs(1hww) 
1tqt(1hww) 1tqu(1hww) 1tqv(1hww) 1tqw(1hww) 2alw(1hww) 2f18(1hww) 
2f1a(1hww) 2f1b(1hww) 2f7o(1hww) 2f7p(1hww) 2f7q(1hww) 2f7r(1hww) 
2fyv(1hww) *2f17(1ig3) 1dd6(1jje) 1jjt(1jje) 1jkh(1jla) 1a50(1k3u) 
1c29(1k3u) 1c8v(1k3u) 1c9d(1k3u) 1cw2(1k3u) 1cx9(1k3u) 1fuy(1k3u) 
*1qop(1k3u) *1tjp(1k3u) *1wbj(1k3u) *2trs(1k3u) 2tsy(1k3u) 1aq1(1ke5) 
1b38(1ke5) 1b39(1ke5) *1ckp(1ke5) 1di8(1ke5) 1e1v(1ke5) 1e1x(1ke5) 
1e9h(1ke5) *1fin(1ke5) 1fvt(1ke5) 1gz8(1ke5) *1h00(1ke5) 1h08(1ke5) 
1h0v(1ke5) 1h0w(1ke5) 1h1p(1ke5) 1h1q(1ke5) 1h1r(1ke5) *1h1s(1ke5) 
*1h24(1ke5) 1h25(1ke5) 1h26(1ke5) 1h27(1ke5) 1hck(1ke5) 1hcl(1ke5) 
1jsv(1ke5) *1ke6(1ke5) *1ke7(1ke5) *1ke8(1ke5) *1ke9(1ke5) 1oi9(1ke5) 
1oiq(1ke5) 1oit(1ke5) *1oiu(1ke5) *1oiy(1ke5) 1okv(1ke5) *1okw(1ke5) 
*1p2a(1ke5) 1p5e(1ke5) *1pkd(1ke5) 1pw2(1ke5) 1pxi(1ke5) 1pxj(1ke5) 
*1pxl(1ke5) 1qmz(1ke5) *1urw(1ke5) *1v1k(1ke5) 1vyz(1ke5) 1w0x(1ke5) 
1w8c(1ke5) *1w98(1ke5) 1wcc(1ke5) 1y8y(1ke5) *1y91(1ke5) 1ykr(1ke5) 
2a0c(1ke5) 2a4l(1ke5) 2b52(1ke5) *2b53(1ke5) 2b54(1ke5) 2btr(1ke5) 
2c5n(1ke5) 2c5o(1ke5) 2c5p(1ke5) 2c5y(1ke5) 2c68(1ke5) 2c69(1ke5) 
2c6i(1ke5) 2c6k(1ke5) 2c6l(1ke5) 2c6m(1ke5) 2c6o(1ke5) 2cch(1ke5) 
2cjm(1ke5) 2clx(1ke5) *2duv(1ke5) 2exm(1ke5) *2fvd(1ke5) *2g9x(1ke5) 
*2uue(1ke5) 1a8g(1kzk) *1a8k(1kzk) *1a94(1kzk) 1aaq(1kzk) 1aid(1kzk) 
*1ajv(1kzk) 1ajx(1kzk) *1b6j(1kzk) 1b6k(1kzk) *1b6l(1kzk) 1b6m(1kzk) 
*1b6p(1kzk) 1c70(1kzk) *1cpi(1kzk) *1d4h(1kzk) *1d4i(1kzk) *1d4j(1kzk) 
1d4k(1kzk) *1d4l(1kzk) 1d4y(1kzk) 1dmp(1kzk) 1dw6(1kzk) *1ebw(1kzk) 
*1eby(1kzk) *1ebz(1kzk) *1ec0(1kzk) *1ec1(1kzk) *1ec2(1kzk) *1ec3(1kzk) 
1fej(1kzk) 1fg6(1kzk) 1fg8(1kzk) 1fgc(1kzk) 1g2k(1kzk) 1g35(1kzk) 
1gno(1kzk) 1hbv(1kzk) *1hos(1kzk) *1hpo(1kzk) *1hps(1kzk) *1hpv(1kzk) 
*1hpx(1kzk) *1hsg(1kzk) *1htf(1kzk) *1hvh(1kzk) 1hvi(1kzk) 1hvj(1kzk) 
1hvk(1kzk) 1hvl(1kzk) 1hwr(1kzk) *1hxb(1kzk) *1hxw(1kzk) 1iiq(1kzk) 
*1izh(1kzk) 1k2b(1kzk) 1m0b(1kzk) 1mrw(1kzk) 1msm(1kzk) *1nh0(1kzk) 
1npa(1kzk) 1npv(1kzk) 1npw(1kzk) *1odw(1kzk) *1ody(1kzk) *1ohr(1kzk) 
1pro(1kzk) 1qbr(1kzk) *1qbs(1kzk) 1qbt(1kzk) *1qbu(1kzk) 1sbg(1kzk) 
1sdt(1kzk) *1sdu(1kzk) *1t3r(1kzk) 1t7k(1kzk) *1u8g(1kzk) *1vij(1kzk) 
1vik(1kzk) *1w5v(1kzk) *1w5w(1kzk) *1w5x(1kzk) *1w5y(1kzk) 
*1wbk(1kzk) *1wbm(1kzk) 1xl2(1kzk) 1xl5(1kzk) *1yth(1kzk) *1z1h(1kzk) 
*1z1r(1kzk) 1zsf(1kzk) 1zsr(1kzk) 2a1e(1kzk) 2a4f(1kzk) 2aid(1kzk) 
2aod(1kzk) 2aoi(1kzk) *2aoj(1kzk) *2aqu(1kzk) 2avm(1kzk) *2avo(1kzk) 
2avv(1kzk) 2bb9(1kzk) 2bbb(1kzk) 2bpv(1kzk) *2bpy(1kzk) *2bpz(1kzk) 
*2bqv(1kzk) *2cej(1kzk) 2cem(1kzk) *2cen(1kzk) 2f3k(1kzk) *2f81(1kzk) 
2fxe(1kzk) 2hb3(1kzk) *2hs2(1kzk) *2i0a(1kzk) *2i0d(1kzk) 2ien(1kzk) 
2nmw(1kzk) 2o4k(1kzk) 2o4p(1kzk) *2o4s(1kzk) *2p3b(1kzk) *2p3c(1kzk) 
2pk5(1kzk) 2pk6(1kzk) *2psu(1kzk) *2psv(1kzk) 3aid(1kzk) *4hvp(1kzk) 
4phv(1kzk) *7hvp(1kzk) 7upj(1kzk) *8hvp(1kzk) *1fco(1l2s) 1iel(1l2s) 
1ke4(1l2s) 1kvm(1l2s) 1ll5(1l2s) 1ll9(1l2s) 1llb(1l2s) *1xgi(1l2s) *1xgj(1l2s) 
*2bls(1l2s) *2hdq(1l2s) 2hdr(1l2s) 2hdu(1l2s) *1a14(1l7f) *1f8b(1l7f) 
*1f8c(1l7f) *1f8d(1l7f) *1f8e(1l7f) *1iny(1l7f) *1mwe(1l7f) *1nca(1l7f) 
*1ncb(1l7f) *1ncc(1l7f) *1nmb(1l7f) 1nmc(1l7f) *1nna(1l7f) *1xoe(1l7f) 
*2b8h(1l7f) *2c4a(1l7f) *2c4l(1l7f) *2qwi(1l7f) *2qwj(1l7f) *2qwk(1l7f) 
*3nn9(1l7f) *4nn9(1l7f) *5nn9(1l7f) *6nn9(1l7f) 7nn9(1l7f) *1ezq(1lpz) 
*1f0r(1lpz) 1f0s(1lpz) *1fjs(1lpz) 1g2l(1lpz) 1ksn(1lpz) *1kye(1lpz) 
*1lpg(1lpz) *1lpk(1lpz) 1mq5(1lpz) *1mq6(1lpz) *1nfu(1lpz) *1nfw(1lpz) 
*1nfx(1lpz) *1nfy(1lpz) 1xka(1lpz) 1xkb(1lpz) *1z6e(1lpz) 2boh(1lpz) 
2bok(1lpz) *2bq7(1lpz) 2fzz(1lpz) *2g00(1lpz) *2h9e(1lpz) 2j2u(1lpz) 
2j34(1lpz) 2j38(1lpz) *2j4i(1lpz) *2j94(1lpz) *2j95(1lpz) *2uwl(1lpz) 
*2uwo(1lpz) *2uwp(1lpz) *1lr5(1lrh) 1me9(1meh) *1k2r(1mmv) 
*1k2t(1mmv) *1k2u(1mmv) *1lzx(1mmv) *1lzz(1mmv) *1m00(1mmv) 
*1mmw(1mmv) 1om5(1mmv) *1p6h(1mmv) *1p6i(1mmv) *1p6j(1mmv) 
*1qw6(1mmv) *1qwc(1mmv) *1rs6(1mmv) *1rs7(1mmv) *1vag(1mmv) 
*1zvi(1mmv) *2hx3(1mmv) *2hx4(1mmv) *1jcq(1mzc) 1kzo(1mzc) 
1ld7(1mzc) *1ld8(1mzc) 1o5m(1mzc) 1s63(1mzc) 1sa4(1mzc) 1nu6(1n1m) 
1nu8(1n1m) 1pfq(1n1m) 1rwq(1n1m) 1tk3(1n1m) *1x70(1n1m) 2ajl(1n1m) 
*2fjp(1n1m) 2g5p(1n1m) 2g5t(1n1m) 2hha(1n1m) *2iit(1n1m) *2iiv(1n1m) 
*2ogz(1n1m) 2oph(1n1m) 2p8s(1n1m) 1mop(1n2j) 1n2b(1n2j) 1n2e(1n2j) 
1n2g(1n2j) 1n2h(1n2j) 1n2i(1n2j) 2a86(1n2j) 1enu(1n2v) 1f3e(1n2v) 
1k4g(1n2v) 1k4h(1n2v) 1p0b(1n2v) 1p0d(1n2v) 1p0e(1n2v) 1pud(1n2v) 
1q63(1n2v) 1q65(1n2v) 1r5y(1n2v) 1s38(1n2v) 1s39(1n2v) 1y5x(1n2v) 
2bbf(1n2v) *1e2i(1of1) *1e2k(1of1) *2f4j(1opk) *2fo0(1opk) *2g2h(1opk) 
*2hiw(1opk) *2hyy(1opk) *2hzi(1opk) 1a42(1oq5) 1am6(1oq5) 1avn(1oq5) 
1bcd(1oq5) 1bn1(1oq5) 1bn3(1oq5) 1bn4(1oq5) 1bnn(1oq5) 1bnq(1oq5) 
1bnt(1oq5) 1bnu(1oq5) 1bnv(1oq5) 1bnw(1oq5) 1bv3(1oq5) 1ca2(1oq5) 
1ca3(1oq5) 1cao(1oq5) 1cay(1oq5) 1cil(1oq5) 1cim(1oq5) 1cin(1oq5) 
1cng(1oq5) 1cnw(1oq5) 1cnx(1oq5) 1cny(1oq5) 1cra(1oq5) 1eou(1oq5) 
1f2w(1oq5) 1fql(1oq5) 1fqm(1oq5) 1g0e(1oq5) 1g0f(1oq5) 1g1d(1oq5) 
1g52(1oq5) 1g53(1oq5) 1g54(1oq5) 1hca(1oq5) 1i8z(1oq5) 1i90(1oq5) 
1i91(1oq5) 1if4(1oq5) 1if5(1oq5) 1if6(1oq5) 1if7(1oq5) 1if8(1oq5) 
1if9(1oq5) 1kwr(1oq5) 1lug(1oq5) 1lzv(1oq5) 1moo(1oq5) 1okl(1oq5) 
1okm(1oq5) 1okn(1oq5) 1ray(1oq5) 1raz(1oq5) 1t9n(1oq5) 1tb0(1oq5) 
1tbt(1oq5) 1te3(1oq5) 1teq(1oq5) 1teu(1oq5) 1ttm(1oq5) 1ugb(1oq5) 
1ugd(1oq5) 1ugg(1oq5) 1xeg(1oq5) 1xev(1oq5) 1xpz(1oq5) 1xq0(1oq5) 
1z9y(1oq5) 1ze8(1oq5) 1zfk(1oq5) 1zfq(1oq5) 1zge(1oq5) 1zgf(1oq5) 
1zh9(1oq5) 1zsb(1oq5) 1zsc(1oq5) 2aw1(1oq5) 2ax2(1oq5) 2ca2(1oq5) 
2cba(1oq5) 2cbb(1oq5) 2cbc(1oq5) 2cbd(1oq5) 2eu2(1oq5) 2eu3(1oq5) 
2ez7(1oq5) 2f14(1oq5) 2fmz(1oq5) 2fnk(1oq5) 2fnm(1oq5) 2fnn(1oq5) 
2foq(1oq5) 2fos(1oq5) 2fov(1oq5) 2gd8(1oq5) 2geh(1oq5) 2h15(1oq5) 
2hd6(1oq5) 2hkk(1oq5) 2hl4(1oq5) 2hnc(1oq5) 2hoc(1oq5) 2ili(1oq5) 
2nng(1oq5) 2nno(1oq5) 2nns(1oq5) 2nnv(1oq5) 2nxr(1oq5) 2nxs(1oq5) 
2nxt(1oq5) 2o4z(1oq5) 4ca2(1oq5) 4cac(1oq5) 5cac(1oq5) 1c5x(1owe) 
*1c5y(1owe) *1c5z(1owe) 1ejn(1owe) 1f5k(1owe) *1f5l(1owe) *1gi7(1owe) 
1gi8(1owe) 1gi9(1owe) 1gj7(1owe) 1gj8(1owe) 1gj9(1owe) 1gja(1owe) 
*1qif(1gpk) *1qig(1gpk) *1qih(1gpk) 1qti(1gpk) *1ut6(1gpk) 
1vot(1gpk) 1vxr(1gpk) 1w4l(1gpk) *1w6r(1gpk) 1w75(1gpk) 
1zgb(1gpk) 1zgc(1gpk) *2ack(1gpk) *2c5g(1gpk) *2cek(1gpk) 
*2ckm(1gpk) *2cmf(1gpk) *1yz3(1hnn) *2an3(1hnn) 2an4(1hnn) 
*2an5(1hnn) *2g71(1hnn) *2g8n(1hnn) *2ff1(1hp0) *1q0n(1hq2) 
1hty(1hww) 1hxk(1hww) 1ps3(1hww) 1r33(1hww) 1r34(1hww) 
1tqs(1hww) 1tqt(1hww) 1tqu(1hww) 1tqv(1hww) 1tqw(1hww) 
2alw(1hww) 2f18(1hww) 2f1a(1hww) 2f1b(1hww) 2f7o(1hww) 
2f7p(1hww) 2f7q(1hww) 2f7r(1hww) 1dd6(1jje) 1jjt(1jje) 1jkh(1jla) 
1a50(1k3u) 1c29(1k3u) 1c8v(1k3u) 1c9d(1k3u) 1cw2(1k3u) 1cx9(1k3u) 
1fuy(1k3u) *1qop(1k3u) *1tjp(1k3u) *1wbj(1k3u) *2trs(1k3u) 
2tsy(1k3u) 1aq1(1ke5) 1b38(1ke5) 1b39(1ke5) *1ckp(1ke5) 1di8(1ke5) 
1e1v(1ke5) 1e1x(1ke5) 1e9h(1ke5) *1fin(1ke5) 1fvt(1ke5) 1gz8(1ke5) 
*1h00(1ke5) 1h08(1ke5) 1h0v(1ke5) 1h0w(1ke5) 1h1p(1ke5) 
1h1q(1ke5) 1h1r(1ke5) *1h1s(1ke5) *1h24(1ke5) 1h25(1ke5) 
1h26(1ke5) 1h27(1ke5) 1hck(1ke5) 1hcl(1ke5) 1jsv(1ke5) *1ke6(1ke5) 
*1ke7(1ke5) *1ke8(1ke5) *1ke9(1ke5) 1oi9(1ke5) 1oiq(1ke5) 1oit(1ke5) 
*1oiu(1ke5) *1oiy(1ke5) 1okv(1ke5) *1okw(1ke5) *1p2a(1ke5) 
1p5e(1ke5) *1pkd(1ke5) 1pw2(1ke5) 1pxi(1ke5) 1pxj(1ke5) 
*1pxl(1ke5) 1qmz(1ke5) *1urw(1ke5) *1v1k(1ke5) 1vyz(1ke5) 
1w0x(1ke5) 1w8c(1ke5) *1w98(1ke5) 1wcc(1ke5) 1y8y(1ke5) 
*1y91(1ke5) 1ykr(1ke5) 2a0c(1ke5) 2a4l(1ke5) 2b52(1ke5) *2b53(1ke5) 
2b54(1ke5) 2btr(1ke5) 2c5n(1ke5) 2c5o(1ke5) 2c5p(1ke5) 2c5y(1ke5) 
2c69(1ke5) 2c6i(1ke5) 2c6k(1ke5) 2c6l(1ke5) 2c6o(1ke5) 2cch(1ke5) 
2cjm(1ke5) 2clx(1ke5) *2duv(1ke5) 2exm(1ke5) *2fvd(1ke5) 
*2g9x(1ke5) *2uue(1ke5) *1fco(1l2s) 1iel(1l2s) 1ke4(1l2s) 1kvm(1l2s) 
1ll5(1l2s) 1ll9(1l2s) 1llb(1l2s) *1xgi(1l2s) *1xgj(1l2s) *2bls(1l2s) 
*2hdq(1l2s) 2hdr(1l2s) 2hdu(1l2s) *1a14(1l7f) *1f8b(1l7f) *1f8c(1l7f) 
*1f8d(1l7f) *1f8e(1l7f) *1iny(1l7f) *1mwe(1l7f) *1nca(1l7f) 
*1ncb(1l7f) *1ncc(1l7f) *1nmb(1l7f) 1nmc(1l7f) *1nna(1l7f) 
*1xoe(1l7f) *2b8h(1l7f) *2c4a(1l7f) *2c4l(1l7f) *2qwi(1l7f) 
*2qwj(1l7f) *2qwk(1l7f) *3nn9(1l7f) *4nn9(1l7f) *5nn9(1l7f) 
*6nn9(1l7f) 7nn9(1l7f) *1ezq(1lpz) *1f0r(1lpz) 1f0s(1lpz) *1fjs(1lpz) 
1g2l(1lpz) 1ksn(1lpz) *1kye(1lpz) *1lpg(1lpz) *1lpk(1lpz) 1mq5(1lpz) 
*1mq6(1lpz) *1nfu(1lpz) *1nfw(1lpz) *1nfx(1lpz) *1nfy(1lpz) 
1xka(1lpz) 1xkb(1lpz) *1z6e(1lpz) 2boh(1lpz) 2bok(1lpz) *2bq7(1lpz) 
2fzz(1lpz) *2g00(1lpz) *2h9e(1lpz) 2j2u(1lpz) 2j34(1lpz) 2j38(1lpz) 
*2j4i(1lpz) *2j94(1lpz) *2j95(1lpz) *2uwl(1lpz) *2uwo(1lpz) 
*2uwp(1lpz) *1lr5(1lrh) 1me9(1meh) *1k2r(1mmv) *1k2t(1mmv) 
*1k2u(1mmv) *1lzx(1mmv) *1lzz(1mmv) *1m00(1mmv) 
*1mmw(1mmv) 1om5(1mmv) *1p6h(1mmv) *1p6i(1mmv) 
*1p6j(1mmv) *1qw6(1mmv) *1qwc(1mmv) *1rs6(1mmv) *1rs7(1mmv) 
*1vag(1mmv) *1zvi(1mmv) *2hx3(1mmv) *2hx4(1mmv) 1nu6(1n1m) 
1nu8(1n1m) 1pfq(1n1m) 1rwq(1n1m) 1tk3(1n1m) *1x70(1n1m) 
2ajl(1n1m) *2fjp(1n1m) 2g5p(1n1m) 2g5t(1n1m) 2hha(1n1m) 
*2iit(1n1m) *2iiv(1n1m) *2ogz(1n1m) 2oph(1n1m) 2p8s(1n1m) 
1enu(1n2v) 1f3e(1n2v) 1k4g(1n2v) 1k4h(1n2v) 1p0b(1n2v) 1p0d(1n2v) 
1p0e(1n2v) 1pud(1n2v) 1q63(1n2v) 1q65(1n2v) 1r5y(1n2v) 1s38(1n2v) 
1s39(1n2v) 1y5x(1n2v) 2bbf(1n2v) *1e2i(1of1) *1e2k(1of1) 
*2f4j(1opk) *2fo0(1opk) *2g2h(1opk) *2hiw(1opk) *2hyy(1opk) 
*2hzi(1opk) 1a42(1oq5) 1am6(1oq5) 1avn(1oq5) 1bcd(1oq5) 
1bn1(1oq5) 1bn3(1oq5) 1bn4(1oq5) 1bnn(1oq5) 1bnq(1oq5) 1bnt(1oq5) 
1bnu(1oq5) 1bnv(1oq5) 1bnw(1oq5) 1bv3(1oq5) 1ca2(1oq5) 1ca3(1oq5) 
1cao(1oq5) 1cay(1oq5) 1cil(1oq5) 1cim(1oq5) 1cin(1oq5) 1cng(1oq5) 
1cnw(1oq5) 1cnx(1oq5) 1cny(1oq5) 1cra(1oq5) 1eou(1oq5) 1f2w(1oq5) 
1fql(1oq5) 1fqm(1oq5) 1g0e(1oq5) 1g0f(1oq5) 1g1d(1oq5) 1g52(1oq5) 
1g53(1oq5) 1g54(1oq5) 1hca(1oq5) 1i8z(1oq5) 1i90(1oq5) 1i91(1oq5) 
1if4(1oq5) 1if5(1oq5) 1if6(1oq5) 1if7(1oq5) 1if8(1oq5) 1if9(1oq5) 
1kwr(1oq5) 1lug(1oq5) 1lzv(1oq5) 1moo(1oq5) 1okl(1oq5) 1okm(1oq5) 
1okn(1oq5) 1ray(1oq5) 1raz(1oq5) 1t9n(1oq5) 1tb0(1oq5) 1tbt(1oq5) 
1te3(1oq5) 1teq(1oq5) 1teu(1oq5) 1ttm(1oq5) 1ugb(1oq5) 1ugd(1oq5) 
1ugg(1oq5) 1xeg(1oq5) 1xev(1oq5) 1xpz(1oq5) 1xq0(1oq5) 1z9y(1oq5) 
1ze8(1oq5) 1zfk(1oq5) 1zfq(1oq5) 1zge(1oq5) 1zgf(1oq5) 1zh9(1oq5) 
1zsb(1oq5) 1zsc(1oq5) 2aw1(1oq5) 2ax2(1oq5) 2ca2(1oq5) 2cba(1oq5) 
2cbb(1oq5) 2cbc(1oq5) 2cbd(1oq5) 2eu2(1oq5) 2eu3(1oq5) 2ez7(1oq5) 
2f14(1oq5) 2fmz(1oq5) 2fnk(1oq5) 2fnm(1oq5) 2fnn(1oq5) 2foq(1oq5) 
2fos(1oq5) 2fov(1oq5) 2gd8(1oq5) 2geh(1oq5) 2h15(1oq5) 2hd6(1oq5) 
2hkk(1oq5) 2hl4(1oq5) 2hnc(1oq5) 2hoc(1oq5) 2ili(1oq5) 2nng(1oq5) 
2nno(1oq5) 2nns(1oq5) 2nnv(1oq5) 2nxr(1oq5) 2nxs(1oq5) 2nxt(1oq5) 
2o4z(1oq5) 4ca2(1oq5) 4cac(1oq5) 5cac(1oq5) 1c5x(1owe) 
*1c5y(1owe) *1c5z(1owe) 1ejn(1owe) 1f5k(1owe) *1f5l(1owe) 
*1gi7(1owe) 1gi8(1owe) 1gi9(1owe) 1gj7(1owe) 1gj8(1owe) 
1gj9(1owe) 1gja(1owe) 1gjb(1owe) 1gjc(1owe) *1gjd(1owe) 
*1o3p(1owe) *1owd(1owe) *1owh(1owe) 1sc8(1owe) *1sqa(1owe) 
*1sqo(1owe) *1sqt(1owe) *1u6q(1owe) 1vj9(1owe) 1vja(1owe) 
*1a2c(1oyt) *1a46(1oyt) *1a4w(1oyt) *1a5g(1oyt) *1a61(1oyt) 
*1abj(1oyt) *1ad8(1oyt) *1ae8(1oyt) *1afe(1oyt) *1aht(1oyt) 
*1ay6(1oyt) *1b5g(1oyt) *1ba8(1oyt) *1bcu(1oyt) *1c1u(1oyt) 
*1c1v(1oyt) *1c1w(1oyt) *1c4u(1oyt) *1c5l(1oyt) *1c5n(1oyt) 
*1c5o(1oyt) *1d3d(1oyt) *1d3p(1oyt) *1d4p(1oyt) *1d6w(1oyt) 
*1d9i(1oyt) *1de7(1oyt) *1doj(1oyt) *1dx5(1oyt) *1eb1(1oyt) 
*1fpc(1oyt) 1g30(1oyt) 1g32(1oyt) *1g37(1oyt) *1ghv(1oyt) 
*1ghw(1oyt) *1ghx(1oyt) 1ghy(1oyt) *1gj4(1oyt) *1gj5(1oyt) 
*1h8i(1oyt) 1hag(1oyt) *1hah(1oyt) *1hai(1oyt) *1hgt(1oyt) 
*1hxf(1oyt) *1k21(1oyt) 1k22(1oyt) 1kts(1oyt) 1ktt(1oyt) *1lhc(1oyt) 
*1lhd(1oyt) *1lhe(1oyt) *1lhf(1oyt) *1lhg(1oyt) *1mu6(1oyt) 
*1mu8(1oyt) *1mue(1oyt) *1nm6(1oyt) 1no9(1oyt) *1nrr(1oyt) 
*1nt1(1oyt) *1nzq(1oyt) *1o0d(1oyt) *1o2g(1oyt) *1o5g(1oyt) 
*1qbv(1oyt) *1sb1(1oyt) *1sfq(1oyt) 1sg8(1oyt) *1sgi(1oyt) 
*1shh(1oyt) 1sl3(1oyt) *1t4u(1oyt) *1t4v(1oyt) *1ta6(1oyt) *1thr(1oyt) 
*1ths(1oyt) *1tmb(1oyt) *1tmu(1oyt) *1tom(1oyt) *1uma(1oyt) 
*1vr1(1oyt) *1vzq(1oyt) *1w7g(1oyt) *1way(1oyt) *1xm1(1oyt) 
1xmn(1oyt) *1ype(1oyt) *1ypg(1oyt) *1ypj(1oyt) *1ypk(1oyt) 
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1gjb(1owe) 1gjc(1owe) *1gjd(1owe) *1o3p(1owe) *1owd(1owe) 
*1owh(1owe) 1sc8(1owe) *1sqa(1owe) *1sqo(1owe) *1sqt(1owe) 
*1u6q(1owe) 1vj9(1owe) 1vja(1owe) *1a2c(1oyt) *1a46(1oyt) *1a4w(1oyt) 
*1a5g(1oyt) *1a61(1oyt) *1abj(1oyt) *1ad8(1oyt) *1ae8(1oyt) *1afe(1oyt) 
*1aht(1oyt) *1ay6(1oyt) *1b5g(1oyt) *1ba8(1oyt) *1bcu(1oyt) *1c1u(1oyt) 
*1c1v(1oyt) *1c1w(1oyt) *1c4u(1oyt) *1c5l(1oyt) *1c5n(1oyt) *1c5o(1oyt) 
*1d3d(1oyt) *1d3p(1oyt) *1d4p(1oyt) *1d6w(1oyt) *1d9i(1oyt) *1de7(1oyt) 
*1doj(1oyt) *1dx5(1oyt) *1eb1(1oyt) *1fpc(1oyt) 1g30(1oyt) 1g32(1oyt) 
*1g37(1oyt) *1ghv(1oyt) *1ghw(1oyt) *1ghx(1oyt) 1ghy(1oyt) *1gj4(1oyt) 
*1gj5(1oyt) *1h8i(1oyt) 1hag(1oyt) *1hah(1oyt) *1hai(1oyt) *1hgt(1oyt) 
*1hxf(1oyt) *1k21(1oyt) 1k22(1oyt) 1kts(1oyt) 1ktt(1oyt) *1lhc(1oyt) 
*1lhd(1oyt) *1lhe(1oyt) *1lhf(1oyt) *1lhg(1oyt) *1mu6(1oyt) *1mu8(1oyt) 
*1mue(1oyt) *1nm6(1oyt) 1no9(1oyt) *1nrr(1oyt) *1nt1(1oyt) *1nzq(1oyt) 
*1o0d(1oyt) *1o2g(1oyt) *1o5g(1oyt) *1qbv(1oyt) *1sb1(1oyt) *1sfq(1oyt) 
1sg8(1oyt) *1sgi(1oyt) *1shh(1oyt) 1sl3(1oyt) *1t4u(1oyt) *1t4v(1oyt) 
*1ta6(1oyt) *1thr(1oyt) *1ths(1oyt) *1tmb(1oyt) *1tmu(1oyt) *1tom(1oyt) 
*1uma(1oyt) *1vr1(1oyt) *1vzq(1oyt) *1w7g(1oyt) *1way(1oyt) 
*1xm1(1oyt) 1xmn(1oyt) *1ype(1oyt) *1ypg(1oyt) *1ypj(1oyt) *1ypk(1oyt) 
*1ypl(1oyt) *1ypm(1oyt) *1z71(1oyt) *1zgi(1oyt) *1zgv(1oyt) *1zrb(1oyt) 
*2a2x(1oyt) *2ank(1oyt) *2anm(1oyt) *2bvr(1oyt) *2bvs(1oyt) 2bxt(1oyt) 
*2c8w(1oyt) *2c8x(1oyt) *2c8y(1oyt) 2c8z(1oyt) *2c90(1oyt) *2c93(1oyt) 
*2cf8(1oyt) *2cf9(1oyt) *2cn0(1oyt) *2feq(1oyt) *2fes(1oyt) *2gde(1oyt) 
2gp9(1oyt) *2od3(1oyt) 4thn(1oyt) *5gds(1oyt) *7kme(1oyt) *8kme(1oyt) 
1akd(1p2y) 1cp4(1p2y) 1dz4(1p2y) 1dz6(1p2y) 1dz8(1p2y) 1dz9(1p2y) 
1gek(1p2y) 1gem(1p2y) 1gjm(1p2y) 1iwi(1p2y) 1iwj(1p2y) 1iwk(1p2y) 
1lwl(1p2y) 1noo(1p2y) 1o76(1p2y) 1pha(1p2y) 1phc(1p2y) 1phd(1p2y) 
1phe(1p2y) 1phf(1p2y) 1phg(1p2y) 1re9(1p2y) 1t85(1p2y) 1t86(1p2y) 
1t87(1p2y) 1t88(1p2y) 1yrc(1p2y) 1yrd(1p2y) 2a1m(1p2y) 2cpp(1p2y) 
2h7q(1p2y) 3cp4(1p2y) 4cp4(1p2y) 4cpp(1p2y) 5cp4(1p2y) 5cpp(1p2y) 
6cpp(1p2y) 7cpp(1p2y) 8cpp(1p2y) *1p5z(1p62) *1p60(1p62) *1p61(1p62) 
*2no9(1p62) *2noa(1p62) 1jnk(1pmn) *1pmq(1pmn) 1pmv(1pmn) 
*2o0u(1pmn) *1nw4(1q1g) 1j1b(1q41) 1j1c(1q41) *1pyx(1q41) 1q3d(1q41) 
1q3w(1q41) 1q5k(1q41) *1r0e(1q41) *2ayl(1q4g) 1dmt(1r1h) 1r1j(1r1h) 
1y8j(1r1h) 1r54(1r55) 1r5g(1r58) 1r5h(1r58) 1yw7(1r58) *1yw9(1r58) 
*2ga2(1r58) *1db1(1s19) *1ie8(1s19) *1ie9(1s19) *1s0z(1s19) *1txi(1s19) 
*2ham(1s19) *2har(1s19) *2has(1s19) *2hb7(1s19) *2hb8(1s19) 1dhf(1s3v) 
*1drf(1s3v) *1hfr(1s3v) 1mvs(1s3v) 1mvt(1s3v) 1pd9(1s3v) 1pdb(1s3v) 
1s3u(1s3v) 2dhf(1s3v) *2ouz(1sj0) *3ert(1sj0) *1a28(1sqn) *1sr7(1sqn) 
*1zuc(1sqn) 1ads(1t40) 1el3(1t40) *1iei(1t40) *1pwl(1t40) *1t41(1t40) 
1x96(1t40) 1x97(1t40) 1x98(1t40) *1z89(1t40) 1z8a(1t40) 2acq(1t40) 
2acr(1t40) 2acs(1t40) *2dux(1t40) *2duz(1t40) *2dv0(1t40) *2fz8(1t40) 
*2fz9(1t40) 2fzd(1t40) *2hv5(1t40) *2hvn(1t40) *2hvo(1t40) *2ikg(1t40) 
2ikh(1t40) *2iki(1t40) *2ikj(1t40) 2ine(1t40) 2inz(1t40) 2iq0(1t40) 
2iqd(1t40) 2is7(1t40) 2j8t(1t40) 2nvc(1t40) 1tou(1tow) *2hnx(1tow) 
1s9t(1tt1) 1sd3(1tt1) *1u1d(1u1c) *1u1e(1u1c) *1u1f(1u1c) 1y1r(1u1c) 
1krm(1uml) *1ndv(1uml) 1ndw(1uml) *1ndy(1uml) *1o5r(1uml) 
*1qxl(1uml) 1v79(1uml) *1v7a(1uml) 1vfl(1uml) 1wxy(1uml) *2e1w(1uml) 
2j0f(1uou) 1ob3(1v0p) 1v0b(1v0p) 1v0o(1v0p) *1a4g(1vcj) *1a4q(1vcj) 
*1b9s(1vcj) *1b9t(1vcj) *1b9v(1vcj) 1inf(1vcj) *1inv(1vcj) 1ivb(1vcj) 
1nsb(1vcj) *1nsc(1vcj) *1nsd(1vcj) 1e15(1w1p) 1e6r(1w1p) 1gpf(1w1p) 
1h0g(1w1p) 1h0i(1w1p) 1o6i(1w1p) 1ur8(1w1p) 1w1t(1w1p) 1w1v(1w1p) 
1w1y(1w1p) *1g3u(1w2g) *1gsi(1w2g) *1mrn(1w2g) *1mrs(1w2g) 
*1n5i(1w2g) *1n5k(1w2g) *1n5l(1w2g) *1w2h(1w2g) 1tb7(1xoq) 
1tbb(1xoq) *1xom(1xoq) *1xon(1xoq) *1xor(1xoq) *1y2b(1xoq) 
*1y2c(1xoq) *1y2d(1xoq) *1y2e(1xoq) *1y2k(1xoq) *1zkn(1xoq) 
*2fm0(1xoq) *2fm5(1xoq) *1t9s(1xoz) 1tbf(1xoz) 1xp0(1xoz) *2chm(1xoz) 
1cvw(1ygc) 1kli(1ygc) 1o5d(1ygc) *1w7x(1ygc) 1wqv(1ygc) 1wtg(1ygc) 
1wun(1ygc) 1z6j(1ygc) 2a2q(1ygc) 2aer(1ygc) *2b7d(1ygc) 2c4f(1ygc) 
2fir(1ygc) 2flb(1ygc) 2flr(1ygc) 1fmv(1yv3) 1fmw(1yv3) 1jwy(1yv3) 
1jx2(1yv3) 1mma(1yv3) 1mmg(1yv3) 1mmn(1yv3) 1nb4(1yvf) 1a9u(1ywr) 
1bl6(1ywr) 1bl7(1ywr) 1bmk(1ywr) 1kv1(1ywr) 1lew(1ywr) 1lez(1ywr) 
1m7q(1ywr) 1ouk(1ywr) 1ouy(1ywr) 1ove(1ywr) 1oz1(1ywr) 1p38(1ywr) 
1r39(1ywr) 1r3c(1ywr) 1w7h(1ywr) 1w82(1ywr) 1w83(1ywr) 1w84(1ywr) 
1wbn(1ywr) 1wbo(1ywr) 1wbs(1ywr) 1wbt(1ywr) 1wbv(1ywr) 1wbw(1ywr) 
1wfc(1ywr) 1yqj(1ywr) 1zz2(1ywr) 1zzl(1ywr) 2bak(1ywr) 2bal(1ywr) 
2gfs(1ywr) 2ghl(1ywr) 2ghm(1ywr) 2gtn(1ywr) 2i0h(1ywr) *2ax8(1z95) 
2fpz(2bm2) 1ia8(2br1) 1nvq(2br1) 1nvr(2br1) 1nvs(2br1) 1zlt(2br1) 
1zys(2br1) *2brb(2br1) 2brg(2br1) 2brh(2br1) 2brm(2br1) 2bro(2br1) 
*2c3l(2br1) 2cgu(2br1) 2cgw(2br1) 2cgx(2br1) 2hog(2br1) *1byq(2bsm) 
*1osf(2bsm) 1uy6(2bsm) 1uy7(2bsm) 1uy8(2bsm) 1uy9(2bsm) *1uyc(2bsm) 
1uyd(2bsm) 1uye(2bsm) 1uyf(2bsm) *1uyg(2bsm) *1uyh(2bsm) *1uyi(2bsm) 
1uyk(2bsm) *1uyl(2bsm) *1yc1(2bsm) *1yc3(2bsm) *1yc4(2bsm) 
*1yer(2bsm) *1yes(2bsm) *1yet(2bsm) *2bt0(2bsm) *2byh(2bsm) 
*2byi(2bsm) *2bz5(2bsm) *2ccs(2bsm) *2cct(2bsm) *2cdd(2bsm) 
2fwy(2bsm) 2fwz(2bsm) 2h55(2bsm) *2uwd(2bsm) 
*1ypl(1oyt) *1ypm(1oyt) *1z71(1oyt) *1zgi(1oyt) *1zgv(1oyt) 
*1zrb(1oyt) *2a2x(1oyt) *2ank(1oyt) *2anm(1oyt) *2bvr(1oyt) 
*2bvs(1oyt) 2bxt(1oyt) *2c8w(1oyt) *2c8x(1oyt) *2c8y(1oyt) 
2c8z(1oyt) *2c90(1oyt) *2c93(1oyt) *2cf8(1oyt) *2cf9(1oyt) 
*2cn0(1oyt) *2feq(1oyt) *2fes(1oyt) *2gde(1oyt) 2gp9(1oyt) 
*2od3(1oyt) 4thn(1oyt) *5gds(1oyt) *7kme(1oyt) *8kme(1oyt) 
1akd(1p2y) 1cp4(1p2y) 1dz4(1p2y) 1dz6(1p2y) 1dz8(1p2y) 1dz9(1p2y) 
1gek(1p2y) 1gem(1p2y) 1gjm(1p2y) 1iwi(1p2y) 1iwj(1p2y) 1iwk(1p2y) 
1lwl(1p2y) 1noo(1p2y) 1o76(1p2y) 1pha(1p2y) 1phc(1p2y) 1phd(1p2y) 
1phe(1p2y) 1phf(1p2y) 1phg(1p2y) 1re9(1p2y) 1t85(1p2y) 1t86(1p2y) 
1t87(1p2y) 1t88(1p2y) 1yrc(1p2y) 1yrd(1p2y) 2a1m(1p2y) 2cpp(1p2y) 
2h7q(1p2y) 3cp4(1p2y) 4cp4(1p2y) 4cpp(1p2y) 5cp4(1p2y) 5cpp(1p2y) 
6cpp(1p2y) 7cpp(1p2y) 8cpp(1p2y) *1p5z(1p62) *1p60(1p62) 
*1p61(1p62) *2no9(1p62) *2noa(1p62) 1s9t(1tt1) 1sd3(1tt1) 
*1u1d(1u1c) *1u1e(1u1c) *1u1f(1u1c) 2j0f(1uou) 1ob3(1v0p) 
1v0b(1v0p) 1v0o(1v0p) *1a4g(1vcj) *1a4q(1vcj) *1b9s(1vcj) 
*1b9t(1vcj) *1b9v(1vcj) 1inf(1vcj) *1inv(1vcj) 1ivb(1vcj) 1nsb(1vcj) 
*1nsc(1vcj) *1nsd(1vcj) 1e15(1w1p) 1e6r(1w1p) 1gpf(1w1p) 
1h0g(1w1p) 1h0i(1w1p) 1o6i(1w1p) 1ur8(1w1p) 1w1t(1w1p) 
1w1v(1w1p) 1w1y(1w1p) *1g3u(1w2g) *1gsi(1w2g) *1mrn(1w2g) 
*1mrs(1w2g) *1n5i(1w2g) *1n5k(1w2g) *1n5l(1w2g) *1w2h(1w2g) 
*1t9s(1xoz) 1tbf(1xoz) 1xp0(1xoz) *2chm(1xoz) 1fmv(1yv3) 
1fmw(1yv3) 1jwy(1yv3) 1jx2(1yv3) 1mma(1yv3) 1mmg(1yv3) 
1mmn(1yv3) 1nb4(1yvf) *2ax8(1z95) *1byq(2bsm) *1osf(2bsm) 
1uy6(2bsm) 1uy7(2bsm) 1uy8(2bsm) 1uy9(2bsm) *1uyc(2bsm) 
1uyd(2bsm) 1uye(2bsm) 1uyf(2bsm) *1uyg(2bsm) *1uyh(2bsm) 
*1uyi(2bsm) 1uyk(2bsm) *1uyl(2bsm) *1yc1(2bsm) *1yc3(2bsm) 
*1yc4(2bsm) *1yer(2bsm) *1yes(2bsm) *1yet(2bsm) *2bt0(2bsm) 
*2byh(2bsm) *2byi(2bsm) *2bz5(2bsm) *2ccs(2bsm) *2cct(2bsm) 
*2cdd(2bsm) 2fwy(2bsm) 2fwz(2bsm) 2h55(2bsm) *2uwd(2bsm) 
FlexX 
1dx6(1gpk) 1e66(1gpk) *1ea5(1gpk) 1eve(1gpk) 1gpn(1gpk) 1h22(1gpk) 
1h23(1gpk) *1jjb(1gpk) 1odc(1gpk) *1qid(1gpk) *1qie(1gpk) *1qif(1gpk) 
1qig(1gpk) *1qih(1gpk) 1qti(1gpk) 1ut6(1gpk) 1vot(1gpk) 1vxr(1gpk) 
1w4l(1gpk) 1w6r(1gpk) 1w75(1gpk) 1zgb(1gpk) 1zgc(1gpk) 2ack(1gpk) 
*2c5g(1gpk) 2cek(1gpk) 2ckm(1gpk) 2cmf(1gpk) *1yz3(1hnn) *2an3(1hnn) 
*2an4(1hnn) *2an5(1hnn) *2g71(1hnn) *2g8n(1hnn) *2ff1(1hp0) 
*1q0n(1hq2) *1hty(1hww) *1hxk(1hww) *1ps3(1hww) *1r33(1hww) 
*1r34(1hww) *1tqs(1hww) 1tqt(1hww) *1tqu(1hww) *1tqv(1hww) 
*1tqw(1hww) *2alw(1hww) *2f18(1hww) *2f1a(1hww) *2f1b(1hww) 
*2f7o(1hww) *2f7p(1hww) *2f7q(1hww) *2f7r(1hww) 1ai9(1ia1) 
*1aoe(1ia1) *1ia2(1ia1) *1m78(1ia1) 1m7a(1ia1) *1dd6(1jje) *1jjt(1jje) 
1jkh(1jla) *1a50(1k3u) *1c29(1k3u) *1c8v(1k3u) *1c9d(1k3u) *1cw2(1k3u) 
*1cx9(1k3u) *1fuy(1k3u) *1qop(1k3u) *1tjp(1k3u) 1wbj(1k3u) *2trs(1k3u) 
*2tsy(1k3u) *1aq1(1ke5) 1b38(1ke5) *1b39(1ke5) *1ckp(1ke5) *1di8(1ke5) 
1e1v(1ke5) 1e1x(1ke5) *1e9h(1ke5) *1fin(1ke5) *1fvt(1ke5) 1gz8(1ke5) 
*1h00(1ke5) *1h08(1ke5) 1h0v(1ke5) *1h0w(1ke5) 1h1p(1ke5) 1h1q(1ke5) 
*1h1r(1ke5) *1h1s(1ke5) *1h24(1ke5) *1h25(1ke5) *1h26(1ke5) 1h27(1ke5) 
1dx6(1gpk) 1e66(1gpk) *1ea5(1gpk) 1eve(1gpk) 1gpn(1gpk) 
1h22(1gpk) 1h23(1gpk) *1jjb(1gpk) 1odc(1gpk) *1qid(1gpk) 
*1qie(1gpk) *1qif(1gpk) 1qig(1gpk) *1qih(1gpk) 1qti(1gpk) 1ut6(1gpk) 
1vot(1gpk) 1vxr(1gpk) 1w4l(1gpk) 1w6r(1gpk) 1w75(1gpk) 1zgb(1gpk) 
1zgc(1gpk) 2ack(1gpk) *2c5g(1gpk) 2cek(1gpk) 2ckm(1gpk) 
2cmf(1gpk) *1yz3(1hnn) *2an3(1hnn) *2an4(1hnn) *2an5(1hnn) 
*2g71(1hnn) *2g8n(1hnn) *2ff1(1hp0) *1q0n(1hq2) *1hty(1hww) 
*1hxk(1hww) *1ps3(1hww) *1r33(1hww) *1r34(1hww) *1tqs(1hww) 
1tqt(1hww) *1tqu(1hww) *1tqv(1hww) *1tqw(1hww) *2alw(1hww) 
*2f18(1hww) *2f1a(1hww) *2f1b(1hww) *2f7o(1hww) *2f7p(1hww) 
*2f7q(1hww) *2f7r(1hww) *1dd6(1jje) *1jjt(1jje) 1jkh(1jla) 
*1a50(1k3u) *1c29(1k3u) *1c8v(1k3u) *1c9d(1k3u) *1cw2(1k3u) 
*1cx9(1k3u) *1fuy(1k3u) *1qop(1k3u) *1tjp(1k3u) 1wbj(1k3u) 
*2trs(1k3u) *2tsy(1k3u) *1aq1(1ke5) 1b38(1ke5) *1b39(1ke5) 
*1ckp(1ke5) *1di8(1ke5) 1e1v(1ke5) 1e1x(1ke5) *1e9h(1ke5) 
*1fin(1ke5) *1fvt(1ke5) 1gz8(1ke5) *1h00(1ke5) *1h08(1ke5) 
1h0v(1ke5) *1h0w(1ke5) 1h1p(1ke5) 1h1q(1ke5) *1h1r(1ke5) 
  
185 
185 
*1hck(1ke5) 1hcl(1ke5) 1jsv(1ke5) *1ke6(1ke5) *1ke7(1ke5) *1ke8(1ke5) 
*1ke9(1ke5) *1oi9(1ke5) *1oiq(1ke5) *1oit(1ke5) *1oiu(1ke5) *1oiy(1ke5) 
*1okv(1ke5) *1okw(1ke5) *1p2a(1ke5) *1p5e(1ke5) *1pkd(1ke5) 
1pw2(1ke5) 1pxi(1ke5) 1pxj(1ke5) *1pxl(1ke5) *1qmz(1ke5) *1urw(1ke5) 
*1v1k(1ke5) *1vyz(1ke5) *1w0x(1ke5) 1w8c(1ke5) *1w98(1ke5) 
*1wcc(1ke5) *1y8y(1ke5) *1y91(1ke5) *1ykr(1ke5) *2a0c(1ke5) 
*2a4l(1ke5) *2b52(1ke5) *2b53(1ke5) 2b54(1ke5) *2btr(1ke5) *2c5n(1ke5) 
*2c5o(1ke5) *2c5p(1ke5) 2c5y(1ke5) 2c68(1ke5) 2c69(1ke5) *2c6i(1ke5) 
2c6k(1ke5) 2c6l(1ke5) *2c6m(1ke5) *2c6o(1ke5) 2cch(1ke5) 2cjm(1ke5) 
*2clx(1ke5) *2duv(1ke5) 2exm(1ke5) *2fvd(1ke5) *2g9x(1ke5) *2uue(1ke5) 
1a8g(1kzk) 1a8k(1kzk) 1a94(1kzk) 1aaq(1kzk) 1aid(1kzk) 1ajv(1kzk) 
1ajx(1kzk) 1b6j(1kzk) 1b6k(1kzk) 1b6l(1kzk) 1b6m(1kzk) 1b6p(1kzk) 
1c70(1kzk) 1cpi(1kzk) 1d4h(1kzk) 1d4i(1kzk) 1d4j(1kzk) 1d4k(1kzk) 
1d4l(1kzk) 1d4y(1kzk) 1dmp(1kzk) 1dw6(1kzk) 1ebw(1kzk) 1eby(1kzk) 
1ebz(1kzk) 1ec0(1kzk) 1ec1(1kzk) 1ec2(1kzk) 1ec3(1kzk) 1fej(1kzk) 
1fg6(1kzk) 1fg8(1kzk) 1fgc(1kzk) 1g2k(1kzk) 1g35(1kzk) 1gno(1kzk) 
1hbv(1kzk) 1hos(1kzk) 1hpo(1kzk) 1hps(1kzk) 1hpv(1kzk) 1hpx(1kzk) 
1hsg(1kzk) 1htf(1kzk) 1hvh(1kzk) 1hvi(1kzk) 1hvj(1kzk) 1hvk(1kzk) 
1hvl(1kzk) 1hwr(1kzk) 1hxb(1kzk) 1hxw(1kzk) 1iiq(1kzk) 1izh(1kzk) 
1k2b(1kzk) 1m0b(1kzk) 1mrw(1kzk) 1msm(1kzk) 1nh0(1kzk) 1npa(1kzk) 
1npv(1kzk) 1npw(1kzk) 1odw(1kzk) 1ody(1kzk) 1ohr(1kzk) 1pro(1kzk) 
1qbr(1kzk) 1qbs(1kzk) 1qbt(1kzk) 1qbu(1kzk) 1sbg(1kzk) 1sdt(1kzk) 
1sdu(1kzk) 1t3r(1kzk) 1t7k(1kzk) 1u8g(1kzk) 1vij(1kzk) 1vik(1kzk) 
1w5v(1kzk) 1w5w(1kzk) 1w5x(1kzk) 1w5y(1kzk) 1wbk(1kzk) 1wbm(1kzk) 
1xl2(1kzk) 1xl5(1kzk) 1yth(1kzk) 1z1h(1kzk) 1z1r(1kzk) 1zsf(1kzk) 
1zsr(1kzk) 2a1e(1kzk) 2a4f(1kzk) 2aid(1kzk) 2aod(1kzk) 2aoi(1kzk) 
2aoj(1kzk) 2aqu(1kzk) 2avm(1kzk) 2avo(1kzk) 2avv(1kzk) 2bb9(1kzk) 
2bbb(1kzk) 2bpv(1kzk) 2bpy(1kzk) 2bpz(1kzk) 2bqv(1kzk) 2cej(1kzk) 
2cem(1kzk) 2cen(1kzk) 2f3k(1kzk) 2f81(1kzk) 2fxe(1kzk) 2hb3(1kzk) 
2hs2(1kzk) 2i0a(1kzk) 2i0d(1kzk) 2ien(1kzk) 2nmw(1kzk) 2o4k(1kzk) 
2o4p(1kzk) 2o4s(1kzk) 2p3b(1kzk) 2p3c(1kzk) 2pk5(1kzk) 2pk6(1kzk) 
2psu(1kzk) 2psv(1kzk) 3aid(1kzk) 4hvp(1kzk) 4phv(1kzk) 7hvp(1kzk) 
7upj(1kzk) 8hvp(1kzk) 1c3b(1l2s) *1fco(1l2s) *1fsw(1l2s) 1fsy(1l2s) 
1ga9(1l2s) 1iel(1l2s) 1iem(1l2s) 1kds(1l2s) 1kdw(1l2s) 1ke0(1l2s) 1ke3(1l2s) 
*1ke4(1l2s) *1kvm(1l2s) *1ll5(1l2s) 1ll9(1l2s) *1llb(1l2s) 1mxo(1l2s) 
*1my8(1l2s) *1xgi(1l2s) *1xgj(1l2s) *2bls(1l2s) 2hdq(1l2s) *2hdr(1l2s) 
2hdu(1l2s) 3bls(1l2s) 1a14(1l7f) *1f8b(1l7f) *1f8c(1l7f) *1f8d(1l7f) 
*1f8e(1l7f) *1iny(1l7f) *1mwe(1l7f) *1nca(1l7f) *1ncb(1l7f) 1ncc(1l7f) 
1nmb(1l7f) 1nmc(1l7f) *1nna(1l7f) *1xoe(1l7f) 2b8h(1l7f) *2c4a(1l7f) 
*2c4l(1l7f) *2qwi(1l7f) *2qwj(1l7f) *2qwk(1l7f) *3nn9(1l7f) *4nn9(1l7f) 
*5nn9(1l7f) *6nn9(1l7f) *7nn9(1l7f) 1ezq(1lpz) 1f0r(1lpz) 1f0s(1lpz) 
1fjs(1lpz) 1g2l(1lpz) 1ksn(1lpz) 1kye(1lpz) 1lpg(1lpz) *1lpk(1lpz) 
*1mq5(1lpz) 1mq6(1lpz) 1nfu(1lpz) 1nfw(1lpz) 1nfx(1lpz) 1nfy(1lpz) 
1xka(1lpz) 1xkb(1lpz) *1z6e(1lpz) 2boh(1lpz) *2bok(1lpz) *2bq7(1lpz) 
*2fzz(1lpz) 2g00(1lpz) 2h9e(1lpz) 2j2u(1lpz) 2j34(1lpz) 2j38(1lpz) 2j4i(1lpz) 
2j94(1lpz) *2j95(1lpz) 2uwl(1lpz) 2uwo(1lpz) 2uwp(1lpz) *1lr5(1lrh) 
1me9(1meh) *1k2r(1mmv) *1k2t(1mmv) *1k2u(1mmv) *1lzx(1mmv) 
*1lzz(1mmv) *1m00(1mmv) 1mmw(1mmv) 1om5(1mmv) *1p6h(1mmv) 
*1p6i(1mmv) *1p6j(1mmv) *1qw6(1mmv) *1qwc(1mmv) *1rs6(1mmv) 
*1rs7(1mmv) *1vag(1mmv) *1zvi(1mmv) *2hx3(1mmv) *2hx4(1mmv) 
*1jcq(1mzc) 1kzo(1mzc) *1ld7(1mzc) 1ld8(1mzc) 1o5m(1mzc) *1s63(1mzc) 
1sa4(1mzc) *1nu6(1n1m) *1nu8(1n1m) *1pfq(1n1m) 1rwq(1n1m) 
*1tk3(1n1m) *1x70(1n1m) 2ajl(1n1m) *2fjp(1n1m) *2g5p(1n1m) 
*2g5t(1n1m) *2hha(1n1m) *2iit(1n1m) *2iiv(1n1m) *2ogz(1n1m) 
*2oph(1n1m) *2p8s(1n1m) *1enu(1n2v) *1f3e(1n2v) *1k4g(1n2v) 
*1k4h(1n2v) *1p0b(1n2v) 1p0d(1n2v) *1p0e(1n2v) 1pud(1n2v) *1q63(1n2v) 
*1q65(1n2v) *1r5y(1n2v) *1s38(1n2v) *1s39(1n2v) *1y5x(1n2v) 
*2bbf(1n2v) *1xzx(1n46) *2h6w(1n46) *1e2i(1of1) 1e2k(1of1) *1p7c(1of1) 
*2f4j(1opk) *2fo0(1opk) *2g2h(1opk) *2hiw(1opk) *2hyy(1opk) 
*2hzi(1opk) 1a42(1oq5) 1am6(1oq5) 1avn(1oq5) 1bcd(1oq5) 1bn1(1oq5) 
1bn3(1oq5) 1bn4(1oq5) 1bnn(1oq5) 1bnq(1oq5) 1bnt(1oq5) 1bnu(1oq5) 
1bnv(1oq5) 1bnw(1oq5) 1bv3(1oq5) 1ca2(1oq5) 1ca3(1oq5) 1cao(1oq5) 
1cay(1oq5) 1cil(1oq5) 1cim(1oq5) 1cin(1oq5) 1cng(1oq5) 1cnw(1oq5) 
1cnx(1oq5) 1cny(1oq5) 1cra(1oq5) 1eou(1oq5) 1f2w(1oq5) 1fql(1oq5) 
1fqm(1oq5) 1g0e(1oq5) 1g0f(1oq5) 1g1d(1oq5) 1g52(1oq5) 1g53(1oq5) 
1g54(1oq5) 1hca(1oq5) 1i8z(1oq5) 1i90(1oq5) 1i91(1oq5) 1if4(1oq5) 
1if5(1oq5) 1if6(1oq5) 1if7(1oq5) 1if8(1oq5) 1if9(1oq5) 1kwr(1oq5) 
1lug(1oq5) 1lzv(1oq5) 1moo(1oq5) 1okl(1oq5) 1okm(1oq5) 1okn(1oq5) 
1ray(1oq5) 1raz(1oq5) 1t9n(1oq5) 1tb0(1oq5) 1tbt(1oq5) 1te3(1oq5) 
1teq(1oq5) 1teu(1oq5) 1ttm(1oq5) 1ugb(1oq5) 1ugd(1oq5) 1ugg(1oq5) 
1xeg(1oq5) 1xev(1oq5) 1xpz(1oq5) 1xq0(1oq5) 1z9y(1oq5) 1ze8(1oq5) 
1zfk(1oq5) 1zfq(1oq5) 1zge(1oq5) 1zgf(1oq5) 1zh9(1oq5) 1zsb(1oq5) 
1zsc(1oq5) 2aw1(1oq5) 2ax2(1oq5) 2ca2(1oq5) 2cba(1oq5) 2cbb(1oq5) 
2cbc(1oq5) 2cbd(1oq5) 2eu2(1oq5) 2eu3(1oq5) 2ez7(1oq5) 2f14(1oq5) 
2fmz(1oq5) 2fnk(1oq5) 2fnm(1oq5) 2fnn(1oq5) 2foq(1oq5) 2fos(1oq5) 
2fov(1oq5) 2gd8(1oq5) 2geh(1oq5) 2h15(1oq5) 2hd6(1oq5) 2hkk(1oq5) 
2hl4(1oq5) 2hnc(1oq5) 2hoc(1oq5) 2ili(1oq5) 2nng(1oq5) 2nno(1oq5) 
2nns(1oq5) 2nnv(1oq5) 2nxr(1oq5) 2nxs(1oq5) 2nxt(1oq5) 2o4z(1oq5) 
4ca2(1oq5) 4cac(1oq5) 5cac(1oq5) *1c5x(1owe) *1c5y(1owe) *1c5z(1owe) 
1ejn(1owe) *1f5k(1owe) *1f5l(1owe) *1gi7(1owe) *1gi8(1owe) 1gi9(1owe) 
*1gj7(1owe) *1gj8(1owe) *1gj9(1owe) *1gja(1owe) *1gjb(1owe) 
*1gjc(1owe) *1gjd(1owe) *1o3p(1owe) *1owd(1owe) *1owh(1owe) 
*1sc8(1owe) *1sqa(1owe) *1sqo(1owe) *1sqt(1owe) *1u6q(1owe) 
*1vj9(1owe) *1vja(1owe) 1a2c(1oyt) *1a46(1oyt) 1a4w(1oyt) *1a5g(1oyt) 
1a61(1oyt) *1abj(1oyt) 1ad8(1oyt) *1ae8(1oyt) *1afe(1oyt) *1aht(1oyt) 
*1ay6(1oyt) *1b5g(1oyt) *1ba8(1oyt) *1bcu(1oyt) *1c1u(1oyt) *1c1v(1oyt) 
*1c1w(1oyt) *1c4u(1oyt) *1c5l(1oyt) *1c5n(1oyt) *1c5o(1oyt) 1d3d(1oyt) 
1d3p(1oyt) *1d4p(1oyt) *1d6w(1oyt) *1d9i(1oyt) 1de7(1oyt) 1doj(1oyt) 
*1dx5(1oyt) *1eb1(1oyt) *1fpc(1oyt) *1g30(1oyt) *1g32(1oyt) *1g37(1oyt) 
*1ghv(1oyt) *1ghw(1oyt) *1ghx(1oyt) 1ghy(1oyt) *1gj4(1oyt) *1gj5(1oyt) 
*1h8i(1oyt) 1hag(1oyt) *1hah(1oyt) *1hai(1oyt) *1hgt(1oyt) *1hxe(1oyt) 
*1hxf(1oyt) *1k21(1oyt) 1k22(1oyt) 1kts(1oyt) 1ktt(1oyt) *1lhc(1oyt) 
1lhd(1oyt) *1lhe(1oyt) *1lhf(1oyt) *1lhg(1oyt) *1mu6(1oyt) *1mu8(1oyt) 
*1h1s(1ke5) *1h24(1ke5) *1h25(1ke5) *1h26(1ke5) 1h27(1ke5) 
*1hck(1ke5) 1hcl(1ke5) 1jsv(1ke5) *1ke6(1ke5) *1ke7(1ke5) 
*1ke8(1ke5) *1ke9(1ke5) *1oi9(1ke5) *1oiq(1ke5) *1oit(1ke5) 
*1oiu(1ke5) *1oiy(1ke5) *1okv(1ke5) *1okw(1ke5) *1p2a(1ke5) 
*1p5e(1ke5) *1pkd(1ke5) 1pw2(1ke5) 1pxi(1ke5) 1pxj(1ke5) 
*1pxl(1ke5) *1qmz(1ke5) *1urw(1ke5) *1v1k(1ke5) *1vyz(1ke5) 
*1w0x(1ke5) 1w8c(1ke5) *1w98(1ke5) *1wcc(1ke5) *1y8y(1ke5) 
*1y91(1ke5) *1ykr(1ke5) *2a0c(1ke5) *2a4l(1ke5) *2b52(1ke5) 
*2b53(1ke5) 2b54(1ke5) *2btr(1ke5) *2c5n(1ke5) *2c5o(1ke5) 
*2c5p(1ke5) 2c5y(1ke5) 2c69(1ke5) *2c6i(1ke5) 2c6k(1ke5) 2c6l(1ke5) 
*2c6o(1ke5) 2cch(1ke5) 2cjm(1ke5) *2clx(1ke5) *2duv(1ke5) 
2exm(1ke5) *2fvd(1ke5) *2g9x(1ke5) *2uue(1ke5) *1fco(1l2s) 
1iel(1l2s) *1ke4(1l2s) *1kvm(1l2s) *1ll5(1l2s) 1ll9(1l2s) *1llb(1l2s) 
*1xgi(1l2s) *1xgj(1l2s) *2bls(1l2s) 2hdq(1l2s) *2hdr(1l2s) 2hdu(1l2s) 
1a14(1l7f) *1f8b(1l7f) *1f8c(1l7f) *1f8d(1l7f) *1f8e(1l7f) *1iny(1l7f) 
*1mwe(1l7f) *1nca(1l7f) *1ncb(1l7f) 1ncc(1l7f) 1nmb(1l7f) 1nmc(1l7f) 
*1nna(1l7f) *1xoe(1l7f) 2b8h(1l7f) *2c4a(1l7f) *2c4l(1l7f) *2qwi(1l7f) 
*2qwj(1l7f) *2qwk(1l7f) *3nn9(1l7f) *4nn9(1l7f) *5nn9(1l7f) 
*6nn9(1l7f) *7nn9(1l7f) 1ezq(1lpz) 1f0r(1lpz) 1f0s(1lpz) 1fjs(1lpz) 
1g2l(1lpz) 1ksn(1lpz) 1kye(1lpz) 1lpg(1lpz) *1lpk(1lpz) *1mq5(1lpz) 
1mq6(1lpz) 1nfu(1lpz) 1nfw(1lpz) 1nfx(1lpz) 1nfy(1lpz) 1xka(1lpz) 
1xkb(1lpz) *1z6e(1lpz) 2boh(1lpz) *2bok(1lpz) *2bq7(1lpz) *2fzz(1lpz) 
2g00(1lpz) 2h9e(1lpz) 2j2u(1lpz) 2j34(1lpz) 2j38(1lpz) 2j4i(1lpz) 
2j94(1lpz) *2j95(1lpz) 2uwl(1lpz) 2uwo(1lpz) 2uwp(1lpz) *1lr5(1lrh) 
1me9(1meh) *1k2r(1mmv) *1k2t(1mmv) *1k2u(1mmv) *1lzx(1mmv) 
*1lzz(1mmv) *1m00(1mmv) 1mmw(1mmv) 1om5(1mmv) 
*1p6h(1mmv) *1p6i(1mmv) *1p6j(1mmv) *1qw6(1mmv) 
*1qwc(1mmv) *1rs6(1mmv) *1rs7(1mmv) *1vag(1mmv) *1zvi(1mmv) 
*2hx3(1mmv) *2hx4(1mmv) *1nu6(1n1m) *1nu8(1n1m) *1pfq(1n1m) 
1rwq(1n1m) *1tk3(1n1m) *1x70(1n1m) 2ajl(1n1m) *2fjp(1n1m) 
*2g5p(1n1m) *2g5t(1n1m) *2hha(1n1m) *2iit(1n1m) *2iiv(1n1m) 
*2ogz(1n1m) *2oph(1n1m) *2p8s(1n1m) *1enu(1n2v) *1f3e(1n2v) 
*1k4g(1n2v) *1k4h(1n2v) *1p0b(1n2v) 1p0d(1n2v) *1p0e(1n2v) 
1pud(1n2v) *1q63(1n2v) *1q65(1n2v) *1r5y(1n2v) *1s38(1n2v) 
*1s39(1n2v) *1y5x(1n2v) *2bbf(1n2v) *1e2i(1of1) 1e2k(1of1) 
*2f4j(1opk) *2fo0(1opk) *2g2h(1opk) *2hiw(1opk) *2hyy(1opk) 
*2hzi(1opk) 1a42(1oq5) 1am6(1oq5) 1avn(1oq5) 1bcd(1oq5) 
1bn1(1oq5) 1bn3(1oq5) 1bn4(1oq5) 1bnn(1oq5) 1bnq(1oq5) 1bnt(1oq5) 
1bnu(1oq5) 1bnv(1oq5) 1bnw(1oq5) 1bv3(1oq5) 1ca2(1oq5) 1ca3(1oq5) 
1cao(1oq5) 1cay(1oq5) 1cil(1oq5) 1cim(1oq5) 1cin(1oq5) 1cng(1oq5) 
1cnw(1oq5) 1cnx(1oq5) 1cny(1oq5) 1cra(1oq5) 1eou(1oq5) 1f2w(1oq5) 
1fql(1oq5) 1fqm(1oq5) 1g0e(1oq5) 1g0f(1oq5) 1g1d(1oq5) 1g52(1oq5) 
1g53(1oq5) 1g54(1oq5) 1hca(1oq5) 1i8z(1oq5) 1i90(1oq5) 1i91(1oq5) 
1if4(1oq5) 1if5(1oq5) 1if6(1oq5) 1if7(1oq5) 1if8(1oq5) 1if9(1oq5) 
1kwr(1oq5) 1lug(1oq5) 1lzv(1oq5) 1moo(1oq5) 1okl(1oq5) 1okm(1oq5) 
1okn(1oq5) 1ray(1oq5) 1raz(1oq5) 1t9n(1oq5) 1tb0(1oq5) 1tbt(1oq5) 
1te3(1oq5) 1teq(1oq5) 1teu(1oq5) 1ttm(1oq5) 1ugb(1oq5) 1ugd(1oq5) 
1ugg(1oq5) 1xeg(1oq5) 1xev(1oq5) 1xpz(1oq5) 1xq0(1oq5) 1z9y(1oq5) 
1ze8(1oq5) 1zfk(1oq5) 1zfq(1oq5) 1zge(1oq5) 1zgf(1oq5) 1zh9(1oq5) 
1zsb(1oq5) 1zsc(1oq5) 2aw1(1oq5) 2ax2(1oq5) 2ca2(1oq5) 2cba(1oq5) 
2cbb(1oq5) 2cbc(1oq5) 2cbd(1oq5) 2eu2(1oq5) 2eu3(1oq5) 2ez7(1oq5) 
2f14(1oq5) 2fmz(1oq5) 2fnk(1oq5) 2fnm(1oq5) 2fnn(1oq5) 2foq(1oq5) 
2fos(1oq5) 2fov(1oq5) 2gd8(1oq5) 2geh(1oq5) 2h15(1oq5) 2hd6(1oq5) 
2hkk(1oq5) 2hl4(1oq5) 2hnc(1oq5) 2hoc(1oq5) 2ili(1oq5) 2nng(1oq5) 
2nno(1oq5) 2nns(1oq5) 2nnv(1oq5) 2nxr(1oq5) 2nxs(1oq5) 2nxt(1oq5) 
2o4z(1oq5) 4ca2(1oq5) 4cac(1oq5) 5cac(1oq5) *1c5x(1owe) 
*1c5y(1owe) *1c5z(1owe) 1ejn(1owe) *1f5k(1owe) *1f5l(1owe) 
*1gi7(1owe) *1gi8(1owe) 1gi9(1owe) *1gj7(1owe) *1gj8(1owe) 
*1gj9(1owe) *1gja(1owe) *1gjb(1owe) *1gjc(1owe) *1gjd(1owe) 
*1o3p(1owe) *1owd(1owe) *1owh(1owe) *1sc8(1owe) *1sqa(1owe) 
*1sqo(1owe) *1sqt(1owe) *1u6q(1owe) *1vj9(1owe) *1vja(1owe) 
1a2c(1oyt) *1a46(1oyt) 1a4w(1oyt) *1a5g(1oyt) 1a61(1oyt) *1abj(1oyt) 
1ad8(1oyt) *1ae8(1oyt) *1afe(1oyt) *1aht(1oyt) *1ay6(1oyt) 
*1b5g(1oyt) *1ba8(1oyt) *1bcu(1oyt) *1c1u(1oyt) *1c1v(1oyt) 
*1c1w(1oyt) *1c4u(1oyt) *1c5l(1oyt) *1c5n(1oyt) *1c5o(1oyt) 
1d3d(1oyt) 1d3p(1oyt) *1d4p(1oyt) *1d6w(1oyt) *1d9i(1oyt) 1de7(1oyt) 
1doj(1oyt) *1dx5(1oyt) *1eb1(1oyt) *1fpc(1oyt) *1g30(1oyt) 
*1g32(1oyt) *1g37(1oyt) *1ghv(1oyt) *1ghw(1oyt) *1ghx(1oyt) 
1ghy(1oyt) *1gj4(1oyt) *1gj5(1oyt) *1h8i(1oyt) 1hag(1oyt) *1hah(1oyt) 
*1hai(1oyt) *1hgt(1oyt) *1hxf(1oyt) *1k21(1oyt) 1k22(1oyt) 1kts(1oyt) 
1ktt(1oyt) *1lhc(1oyt) 1lhd(1oyt) *1lhe(1oyt) *1lhf(1oyt) *1lhg(1oyt) 
*1mu6(1oyt) *1mu8(1oyt) *1mue(1oyt) *1nm6(1oyt) *1no9(1oyt) 
*1nrr(1oyt) *1nt1(1oyt) 1nzq(1oyt) *1o0d(1oyt) *1o2g(1oyt) 
*1o5g(1oyt) *1qbv(1oyt) *1sb1(1oyt) 1sfq(1oyt) 1sg8(1oyt) *1sgi(1oyt) 
1shh(1oyt) *1sl3(1oyt) *1t4u(1oyt) *1t4v(1oyt) *1ta6(1oyt) *1thr(1oyt) 
*1ths(1oyt) *1tmb(1oyt) *1tmu(1oyt) *1tom(1oyt) *1uma(1oyt) 
1vr1(1oyt) *1vzq(1oyt) *1w7g(1oyt) *1way(1oyt) 1xm1(1oyt) 
*1xmn(1oyt) *1ype(1oyt) *1ypg(1oyt) *1ypj(1oyt) *1ypk(1oyt) 
*1ypl(1oyt) *1ypm(1oyt) *1z71(1oyt) *1zgi(1oyt) *1zgv(1oyt) 
1zrb(1oyt) *2a2x(1oyt) *2ank(1oyt) *2anm(1oyt) *2bvr(1oyt) 
*2bvs(1oyt) 2bxt(1oyt) *2c8w(1oyt) *2c8x(1oyt) 2c8y(1oyt) 
*2c8z(1oyt) 2c90(1oyt) *2c93(1oyt) *2cf8(1oyt) *2cf9(1oyt) 
*2cn0(1oyt) *2feq(1oyt) *2fes(1oyt) *2gde(1oyt) 2gp9(1oyt) 2od3(1oyt) 
*4thn(1oyt) *5gds(1oyt) *7kme(1oyt) 8kme(1oyt) 1akd(1p2y) 
1cp4(1p2y) 1dz4(1p2y) 1dz6(1p2y) 1dz8(1p2y) 1dz9(1p2y) 1gek(1p2y) 
1gem(1p2y) 1gjm(1p2y) 1iwi(1p2y) 1iwj(1p2y) *1iwk(1p2y) 1lwl(1p2y) 
1noo(1p2y) 1o76(1p2y) *1pha(1p2y) 1phc(1p2y) 1phd(1p2y) 
1phe(1p2y) 1phf(1p2y) *1phg(1p2y) 1re9(1p2y) 1t85(1p2y) 1t86(1p2y) 
1t87(1p2y) 1t88(1p2y) 1yrc(1p2y) 1yrd(1p2y) 2a1m(1p2y) 2cpp(1p2y) 
2h7q(1p2y) 3cp4(1p2y) 4cp4(1p2y) 4cpp(1p2y) 5cp4(1p2y) 5cpp(1p2y) 
6cpp(1p2y) *7cpp(1p2y) 8cpp(1p2y) *1p5z(1p62) *1p60(1p62) 
*1p61(1p62) *2no9(1p62) *2noa(1p62) 1s9t(1tt1) *1sd3(1tt1) 
*1u1d(1u1c) *1u1e(1u1c) *1u1f(1u1c) 2j0f(1uou) 1ob3(1v0p) 
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*1mue(1oyt) *1nm6(1oyt) *1no9(1oyt) *1nrr(1oyt) *1nt1(1oyt) 1nzq(1oyt) 
*1o0d(1oyt) *1o2g(1oyt) *1o5g(1oyt) *1qbv(1oyt) *1sb1(1oyt) 1sfq(1oyt) 
1sg8(1oyt) *1sgi(1oyt) 1shh(1oyt) *1sl3(1oyt) *1t4u(1oyt) *1t4v(1oyt) 
*1ta6(1oyt) *1thr(1oyt) *1ths(1oyt) *1tmb(1oyt) *1tmu(1oyt) *1tom(1oyt) 
*1uma(1oyt) 1vr1(1oyt) *1vzq(1oyt) *1w7g(1oyt) *1way(1oyt) 1xm1(1oyt) 
*1xmn(1oyt) *1ype(1oyt) *1ypg(1oyt) *1ypj(1oyt) *1ypk(1oyt) *1ypl(1oyt) 
*1ypm(1oyt) *1z71(1oyt) *1zgi(1oyt) *1zgv(1oyt) 1zrb(1oyt) *2a2x(1oyt) 
*2ank(1oyt) *2anm(1oyt) *2bvr(1oyt) *2bvs(1oyt) 2bxt(1oyt) *2c8w(1oyt) 
*2c8x(1oyt) 2c8y(1oyt) *2c8z(1oyt) 2c90(1oyt) *2c93(1oyt) *2cf8(1oyt) 
*2cf9(1oyt) *2cn0(1oyt) *2feq(1oyt) *2fes(1oyt) *2gde(1oyt) 2gp9(1oyt) 
2od3(1oyt) *4thn(1oyt) *5gds(1oyt) *7kme(1oyt) 8kme(1oyt) 1akd(1p2y) 
1cp4(1p2y) 1dz4(1p2y) 1dz6(1p2y) 1dz8(1p2y) 1dz9(1p2y) 1gek(1p2y) 
1gem(1p2y) 1gjm(1p2y) 1iwi(1p2y) 1iwj(1p2y) *1iwk(1p2y) 1lwl(1p2y) 
1noo(1p2y) 1o76(1p2y) *1pha(1p2y) 1phc(1p2y) 1phd(1p2y) 1phe(1p2y) 
1phf(1p2y) *1phg(1p2y) 1re9(1p2y) 1t85(1p2y) 1t86(1p2y) 1t87(1p2y) 
1t88(1p2y) 1uyu(1p2y) 1yrc(1p2y) 1yrd(1p2y) 2a1m(1p2y) 2cpp(1p2y) 
2h7q(1p2y) 3cp4(1p2y) 4cp4(1p2y) 4cpp(1p2y) 5cp4(1p2y) 5cpp(1p2y) 
6cpp(1p2y) *7cpp(1p2y) 8cpp(1p2y) *1p5z(1p62) *1p60(1p62) *1p61(1p62) 
*2no9(1p62) *2noa(1p62) *2hv5(1t40) *2hvn(1t40) *2hvo(1t40) *2ikg(1t40) 
2ikh(1t40) *2iki(1t40) *2ikj(1t40) 2ine(1t40) 2inz(1t40) 2iq0(1t40) 
2iqd(1t40) 2is7(1t40) 2j8t(1t40) 2nvc(1t40) 1tou(1tow) *2hnx(1tow) 
1s9t(1tt1) *1sd3(1tt1) *1u1d(1u1c) *1u1e(1u1c) *1u1f(1u1c) 1y1r(1u1c) 
1krm(1uml) 1ndv(1uml) *1ndw(1uml) 1ndy(1uml) 1o5r(1uml) 1qxl(1uml) 
1v79(1uml) 1v7a(1uml) 1vfl(1uml) 1wxy(1uml) 2e1w(1uml) 2j0f(1uou) 
1ob3(1v0p) 1v0b(1v0p) 1v0o(1v0p) *1a4g(1vcj) *1a4q(1vcj) 1b9s(1vcj) 
*1b9t(1vcj) 1b9v(1vcj) *1inf(1vcj) 1inv(1vcj) *1ivb(1vcj) *1nsb(1vcj) 
1nsc(1vcj) *1nsd(1vcj) 1e15(1w1p) 1e6r(1w1p) 1gpf(1w1p) 1h0g(1w1p) 
1h0i(1w1p) 1o6i(1w1p) 1ur8(1w1p) 1w1t(1w1p) *1w1v(1w1p) 1w1y(1w1p) 
*1g3u(1w2g) *1gsi(1w2g) *1mrn(1w2g) *1mrs(1w2g) *1n5i(1w2g) 
*1n5k(1w2g) *1n5l(1w2g) *1w2h(1w2g) *1t9s(1xoz) 1tbf(1xoz) 1xp0(1xoz) 
2chm(1xoz) *1cvw(1ygc) *1dan(1ygc) *1kli(1ygc) 1o5d(1ygc) 1w0y(1ygc) 
*1w7x(1ygc) 1wqv(1ygc) *1wtg(1ygc) 1wun(1ygc) 1z6j(1ygc) *2a2q(1ygc) 
*2aer(1ygc) *2b7d(1ygc) 2c4f(1ygc) 2fir(1ygc) *2flb(1ygc) 2flr(1ygc) 
1d0x(1yv3) 1d0y(1yv3) 1d0z(1yv3) 1d1a(1yv3) 1d1b(1yv3) 1d1c(1yv3) 
1fmv(1yv3) 1fmw(1yv3) 1jwy(1yv3) 1jx2(1yv3) 1lvk(1yv3) 1mma(1yv3) 
1mmd(1yv3) 1mmg(1yv3) 1mmn(1yv3) 1vom(1yv3) 1nb4(1yvf) 1a9u(1ywr) 
*1bl6(1ywr) *1bl7(1ywr) 1bmk(1ywr) 1kv1(1ywr) 1lew(1ywr) 1lez(1ywr) 
*1m7q(1ywr) *1ouk(1ywr) *1ouy(1ywr) *1ove(1ywr) *1oz1(1ywr) 
1p38(1ywr) 1r39(1ywr) 1r3c(1ywr) 1w7h(1ywr) 1w82(1ywr) 1w83(1ywr) 
1w84(1ywr) 1wbn(1ywr) 1wbo(1ywr) 1wbs(1ywr) 1wbt(1ywr) 1wbv(1ywr) 
1wbw(1ywr) 1wfc(1ywr) *1yqj(1ywr) *1zz2(1ywr) 1zzl(1ywr) *2bak(1ywr) 
*2bal(1ywr) 2gfs(1ywr) *2ghl(1ywr) 2ghm(1ywr) 2gtn(1ywr) 2i0h(1ywr) 
2ax8(1z95) *2fpz(2bm2) 1byq(2bsm) *1osf(2bsm) 1uy6(2bsm) 1uy7(2bsm) 
1uy8(2bsm) 1uy9(2bsm) *1uyc(2bsm) 1uyd(2bsm) 1uye(2bsm) 1uyf(2bsm) 
*1uyg(2bsm) 1uyh(2bsm) 1uyi(2bsm) 1uyk(2bsm) *1uyl(2bsm) *1yc1(2bsm) 
1yc3(2bsm) 1yc4(2bsm) *1yer(2bsm) *1yes(2bsm) 1yet(2bsm) *2bt0(2bsm) 
2byh(2bsm) *2byi(2bsm) 2bz5(2bsm) 2ccs(2bsm) 2cct(2bsm) *2cdd(2bsm) 
2fwy(2bsm) *2fwz(2bsm) 2h55(2bsm) 2uwd(2bsm) 
1v0b(1v0p) 1v0o(1v0p) *1a4g(1vcj) *1a4q(1vcj) 1b9s(1vcj) *1b9t(1vcj) 
1b9v(1vcj) *1inf(1vcj) 1inv(1vcj) *1ivb(1vcj) *1nsb(1vcj) 1nsc(1vcj) 
*1nsd(1vcj) 1e15(1w1p) 1e6r(1w1p) 1gpf(1w1p) 1h0g(1w1p) 
1h0i(1w1p) 1o6i(1w1p) 1ur8(1w1p) 1w1t(1w1p) *1w1v(1w1p) 
1w1y(1w1p) *1g3u(1w2g) *1gsi(1w2g) *1mrn(1w2g) *1mrs(1w2g) 
*1n5i(1w2g) *1n5k(1w2g) *1n5l(1w2g) *1w2h(1w2g) *1t9s(1xoz) 
1tbf(1xoz) 1xp0(1xoz) 2chm(1xoz) 1fmv(1yv3) 1fmw(1yv3) 1jwy(1yv3) 
1jx2(1yv3) 1mma(1yv3) 1mmg(1yv3) 1mmn(1yv3) 1nb4(1yvf) 
2ax8(1z95) 1byq(2bsm) *1osf(2bsm) 1uy6(2bsm) 1uy7(2bsm) 
1uy8(2bsm) 1uy9(2bsm) *1uyc(2bsm) 1uyd(2bsm) 1uye(2bsm) 
1uyf(2bsm) *1uyg(2bsm) 1uyh(2bsm) 1uyi(2bsm) 1uyk(2bsm) 
*1uyl(2bsm) *1yc1(2bsm) 1yc3(2bsm) 1yc4(2bsm) *1yer(2bsm) 
*1yes(2bsm) 1yet(2bsm) *2bt0(2bsm) 2byh(2bsm) *2byi(2bsm) 
2bz5(2bsm) 2ccs(2bsm) 2cct(2bsm) *2cdd(2bsm) 2fwy(2bsm) 
*2fwz(2bsm) 2h55(2bsm) 2uwd(2bsm) 
rDock 
1a0u(1g9v) *1a0z(1g9v) 1a3n(1g9v) 1a3o(1g9v) 1b86(1g9v) 1bij(1g9v) 
1bz0(1g9v) 1bzz(1g9v) 1cls(1g9v) 1dxt(1g9v) 1dxu(1g9v) 1dxv(1g9v) 
1fn3(1g9v) 1gbu(1g9v) 1gbv(1g9v) 1gzx(1g9v) 1hab(1g9v) 1hbb(1g9v) 
1hdb(1g9v) *1j7s(1g9v) *1j7w(1g9v) *1j7y(1g9v) *1k0y(1g9v) 1kd2(1g9v) 
1m9p(1g9v) 1nej(1g9v) 1o1k(1g9v) 1qi8(1g9v) 1qsh(1g9v) 1qsi(1g9v) 
1rps(1g9v) 1rq3(1g9v) *1rq4(1g9v) 1sdk(1g9v) 1sdl(1g9v) 1xxt(1g9v) 
1xy0(1g9v) *1xye(1g9v) *1xz2(1g9v) *1xz4(1g9v) 1xz5(1g9v) *1xz7(1g9v) 
1y09(1g9v) 1y0t(1g9v) 1y0w(1g9v) 1y22(1g9v) 1y2z(1g9v) 1y45(1g9v) 
1y4q(1g9v) 1y4r(1g9v) 1y4v(1g9v) 1y5f(1g9v) 1y5j(1g9v) 1y5k(1g9v) 
1y7c(1g9v) 1y7d(1g9v) 1y7g(1g9v) 1y83(1g9v) 1y85(1g9v) 1ye0(1g9v) 
1yh9(1g9v) 1yhe(1g9v) 1yih(1g9v) *2d5z(1g9v) 2d60(1g9v) 2dn2(1g9v) 
2hhd(1g9v) 2hhe(1g9v) 6hbw(1g9v) 1fxh(1gm8) 1fxv(1gm8) 1gkf(1gm8) 
1gm7(1gm8) 1dx6(1gpk) 1e66(1gpk) *1ea5(1gpk) *1eve(1gpk) *1gpn(1gpk) 
1h22(1gpk) 1h23(1gpk) *1jjb(1gpk) *1odc(1gpk) 1qid(1gpk) 1qie(1gpk) 
1qif(1gpk) 1qig(1gpk) 1qih(1gpk) 1qti(1gpk) *1ut6(1gpk) 1vot(1gpk) 
*1vxr(1gpk) 1w4l(1gpk) 1w6r(1gpk) 1w75(1gpk) 1zgb(1gpk) 1zgc(1gpk) 
2ack(1gpk) *2c5g(1gpk) *2cek(1gpk) *2ckm(1gpk) *2cmf(1gpk) 
*1yz3(1hnn) *2an3(1hnn) *2an4(1hnn) *2an5(1hnn) *2g71(1hnn) 
*2g8n(1hnn) *2ff1(1hp0) *1q0n(1hq2) *1hty(1hww) *1hxk(1hww) 
*1ps3(1hww) *1r33(1hww) *1r34(1hww) 1tqs(1hww) *1tqt(1hww) 
1tqu(1hww) *1tqv(1hww) *1tqw(1hww) *2alw(1hww) 2f18(1hww) 
2f1a(1hww) *2f1b(1hww) *2f7o(1hww) *2f7p(1hww) 2f7q(1hww) 
2f7r(1hww) *2fyv(1hww) *1ai9(1ia1) *1aoe(1ia1) *1ia2(1ia1) *1m78(1ia1) 
*1m7a(1ia1) *2f17(1ig3) *1dd6(1jje) *1jjt(1jje) 1jkh(1jla) *1a50(1k3u) 
*1c29(1k3u) *1c8v(1k3u) *1c9d(1k3u) *1cw2(1k3u) *1cx9(1k3u) 
*1fuy(1k3u) *1qop(1k3u) *1tjp(1k3u) *1wbj(1k3u) *2trs(1k3u) 2tsy(1k3u) 
*1aq1(1ke5) 1b38(1ke5) *1b39(1ke5) *1ckp(1ke5) *1di8(1ke5) 1e1v(1ke5) 
1e1x(1ke5) 1e9h(1ke5) *1fin(1ke5) *1fvt(1ke5) 1gz8(1ke5) *1h00(1ke5) 
*1h08(1ke5) 1h0v(1ke5) 1h0w(1ke5) 1h1p(1ke5) *1h1q(1ke5) *1h1r(1ke5) 
*1h1s(1ke5) *1h24(1ke5) *1h25(1ke5) *1h26(1ke5) *1h27(1ke5) 1hck(1ke5) 
1hcl(1ke5) 1jsv(1ke5) *1ke6(1ke5) *1ke7(1ke5) *1ke8(1ke5) *1ke9(1ke5) 
*1oi9(1ke5) *1oiq(1ke5) *1oit(1ke5) *1oiu(1ke5) *1oiy(1ke5) *1okv(1ke5) 
*1okw(1ke5) *1p2a(1ke5) *1p5e(1ke5) *1pkd(1ke5) 1pw2(1ke5) 1pxi(1ke5) 
1pxj(1ke5) *1pxl(1ke5) *1qmz(1ke5) *1urw(1ke5) *1v1k(1ke5) *1vyz(1ke5) 
*1w0x(1ke5) 1w8c(1ke5) *1w98(1ke5) 1wcc(1ke5) 1y8y(1ke5) *1y91(1ke5) 
*1ykr(1ke5) *2a0c(1ke5) 2a4l(1ke5) *2b52(1ke5) *2b53(1ke5) *2b54(1ke5) 
*2btr(1ke5) *2c5n(1ke5) *2c5o(1ke5) *2c5p(1ke5) *2c5y(1ke5) 2c68(1ke5) 
2c69(1ke5) 2c6i(1ke5) 2c6k(1ke5) 2c6l(1ke5) 2c6m(1ke5) *2c6o(1ke5) 
*2cch(1ke5) *2cjm(1ke5) *2clx(1ke5) *2duv(1ke5) 2exm(1ke5) *2fvd(1ke5) 
*2g9x(1ke5) *2uue(1ke5) *1a8g(1kzk) *1a8k(1kzk) *1a94(1kzk) 
*1aaq(1kzk) *1aid(1kzk) *1ajv(1kzk) *1ajx(1kzk) *1b6j(1kzk) *1b6k(1kzk) 
*1b6l(1kzk) *1b6m(1kzk) *1b6p(1kzk) *1c70(1kzk) *1cpi(1kzk) 
*1d4h(1kzk) *1d4i(1kzk) *1d4j(1kzk) *1d4k(1kzk) *1d4l(1kzk) *1d4y(1kzk) 
1dx6(1gpk) 1e66(1gpk) *1ea5(1gpk) *1eve(1gpk) *1gpn(1gpk) 
1h22(1gpk) 1h23(1gpk) *1jjb(1gpk) *1odc(1gpk) 1qid(1gpk) 1qie(1gpk) 
1qif(1gpk) 1qig(1gpk) 1qih(1gpk) 1qti(1gpk) *1ut6(1gpk) 1vot(1gpk) 
*1vxr(1gpk) 1w4l(1gpk) 1w6r(1gpk) 1w75(1gpk) 1zgb(1gpk) 
1zgc(1gpk) 2ack(1gpk) *2c5g(1gpk) *2cek(1gpk) *2ckm(1gpk) 
*2cmf(1gpk) *1yz3(1hnn) *2an3(1hnn) *2an4(1hnn) *2an5(1hnn) 
*2g71(1hnn) *2g8n(1hnn) *2ff1(1hp0) *1q0n(1hq2) *1hty(1hww) 
*1hxk(1hww) *1ps3(1hww) *1r33(1hww) *1r34(1hww) 1tqs(1hww) 
*1tqt(1hww) 1tqu(1hww) *1tqv(1hww) *1tqw(1hww) *2alw(1hww) 
2f18(1hww) 2f1a(1hww) *2f1b(1hww) *2f7o(1hww) *2f7p(1hww) 
2f7q(1hww) 2f7r(1hww) *1dd6(1jje) *1jjt(1jje) 1jkh(1jla) *1a50(1k3u) 
*1c29(1k3u) *1c8v(1k3u) *1c9d(1k3u) *1cw2(1k3u) *1cx9(1k3u) 
*1fuy(1k3u) *1qop(1k3u) *1tjp(1k3u) *1wbj(1k3u) *2trs(1k3u) 
2tsy(1k3u) *1aq1(1ke5) 1b38(1ke5) *1b39(1ke5) *1ckp(1ke5) 
*1di8(1ke5) 1e1v(1ke5) 1e1x(1ke5) 1e9h(1ke5) *1fin(1ke5) *1fvt(1ke5) 
1gz8(1ke5) *1h00(1ke5) *1h08(1ke5) 1h0v(1ke5) 1h0w(1ke5) 
1h1p(1ke5) *1h1q(1ke5) *1h1r(1ke5) *1h1s(1ke5) *1h24(1ke5) 
*1h25(1ke5) *1h26(1ke5) *1h27(1ke5) 1hck(1ke5) 1hcl(1ke5) 
1jsv(1ke5) *1ke6(1ke5) *1ke7(1ke5) *1ke8(1ke5) *1ke9(1ke5) 
*1oi9(1ke5) *1oiq(1ke5) *1oit(1ke5) *1oiu(1ke5) *1oiy(1ke5) 
*1okv(1ke5) *1okw(1ke5) *1p2a(1ke5) *1p5e(1ke5) *1pkd(1ke5) 
1pw2(1ke5) 1pxi(1ke5) 1pxj(1ke5) *1pxl(1ke5) *1qmz(1ke5) 
*1urw(1ke5) *1v1k(1ke5) *1vyz(1ke5) *1w0x(1ke5) 1w8c(1ke5) 
*1w98(1ke5) 1wcc(1ke5) 1y8y(1ke5) *1y91(1ke5) *1ykr(1ke5) 
*2a0c(1ke5) 2a4l(1ke5) *2b52(1ke5) *2b53(1ke5) *2b54(1ke5) 
*2btr(1ke5) *2c5n(1ke5) *2c5o(1ke5) *2c5p(1ke5) *2c5y(1ke5) 
2c69(1ke5) 2c6i(1ke5) 2c6k(1ke5) 2c6l(1ke5) *2c6o(1ke5) *2cch(1ke5) 
*2cjm(1ke5) *2clx(1ke5) *2duv(1ke5) 2exm(1ke5) *2fvd(1ke5) 
*2g9x(1ke5) *2uue(1ke5) *1fco(1l2s) 1iel(1l2s) 1ke4(1l2s) *1kvm(1l2s) 
1ll5(1l2s) 1ll9(1l2s) 1llb(1l2s) *1xgi(1l2s) *1xgj(1l2s) 2bls(1l2s) 
2hdq(1l2s) 2hdr(1l2s) 2hdu(1l2s) *1a14(1l7f) *1f8b(1l7f) *1f8c(1l7f) 
*1f8d(1l7f) *1f8e(1l7f) *1iny(1l7f) *1mwe(1l7f) *1nca(1l7f) 
*1ncb(1l7f) *1ncc(1l7f) *1nmb(1l7f) *1nmc(1l7f) *1nna(1l7f) 
*1xoe(1l7f) *2b8h(1l7f) *2c4a(1l7f) *2c4l(1l7f) *2qwi(1l7f) 
*2qwj(1l7f) *2qwk(1l7f) *3nn9(1l7f) *4nn9(1l7f) *5nn9(1l7f) 
*6nn9(1l7f) *7nn9(1l7f) *1ezq(1lpz) *1f0r(1lpz) 1f0s(1lpz) *1fjs(1lpz) 
*1g2l(1lpz) *1ksn(1lpz) *1kye(1lpz) *1lpg(1lpz) *1lpk(1lpz) 
*1mq5(1lpz) *1mq6(1lpz) *1nfu(1lpz) *1nfw(1lpz) *1nfx(1lpz) 
*1nfy(1lpz) 1xka(1lpz) *1xkb(1lpz) *1z6e(1lpz) *2boh(1lpz) 
*2bok(1lpz) *2bq7(1lpz) *2fzz(1lpz) 2g00(1lpz) *2h9e(1lpz) 
*2j2u(1lpz) 2j34(1lpz) *2j38(1lpz) *2j4i(1lpz) *2j94(1lpz) *2j95(1lpz) 
2uwl(1lpz) *2uwo(1lpz) *2uwp(1lpz) *1lr5(1lrh) 1me9(1meh) 
*1k2r(1mmv) *1k2t(1mmv) *1k2u(1mmv) *1lzx(1mmv) *1lzz(1mmv) 
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1dmp(1kzk) *1dw6(1kzk) *1ebw(1kzk) *1eby(1kzk) *1ebz(1kzk) 
*1ec0(1kzk) *1ec1(1kzk) *1ec2(1kzk) *1ec3(1kzk) *1fej(1kzk) *1fg6(1kzk) 
*1fg8(1kzk) *1fgc(1kzk) 1g2k(1kzk) *1g35(1kzk) *1gno(1kzk) *1hbv(1kzk) 
*1hos(1kzk) *1hpo(1kzk) *1hps(1kzk) *1hpv(1kzk) *1hpx(1kzk) 
*1hsg(1kzk) *1htf(1kzk) *1hvh(1kzk) *1hvi(1kzk) *1hvj(1kzk) *1hvk(1kzk) 
*1hvl(1kzk) *1hwr(1kzk) *1hxb(1kzk) *1hxw(1kzk) *1iiq(1kzk) *1izh(1kzk) 
*1k2b(1kzk) *1m0b(1kzk) *1mrw(1kzk) 1msm(1kzk) *1nh0(1kzk) 
*1npa(1kzk) *1npv(1kzk) 1npw(1kzk) *1odw(1kzk) *1ody(1kzk) 
*1ohr(1kzk) *1pro(1kzk) *1qbr(1kzk) *1qbs(1kzk) *1qbt(1kzk) *1qbu(1kzk) 
*1sbg(1kzk) *1sdt(1kzk) *1sdu(1kzk) *1t3r(1kzk) 1t7k(1kzk) *1u8g(1kzk) 
*1vij(1kzk) *1vik(1kzk) *1w5v(1kzk) *1w5w(1kzk) *1w5x(1kzk) 
*1w5y(1kzk) *1wbk(1kzk) *1wbm(1kzk) *1xl2(1kzk) *1xl5(1kzk) 
*1yth(1kzk) *1z1h(1kzk) *1z1r(1kzk) *1zsf(1kzk) *1zsr(1kzk) *2a1e(1kzk) 
*2a4f(1kzk) *2aid(1kzk) *2aod(1kzk) *2aoi(1kzk) *2aoj(1kzk) *2aqu(1kzk) 
*2avm(1kzk) *2avo(1kzk) *2avv(1kzk) 2bb9(1kzk) *2bbb(1kzk) 
*2bpv(1kzk) *2bpy(1kzk) *2bpz(1kzk) *2bqv(1kzk) *2cej(1kzk) 
*2cem(1kzk) *2cen(1kzk) *2f3k(1kzk) *2f81(1kzk) *2fxe(1kzk) 2hb3(1kzk) 
*2hs2(1kzk) *2i0a(1kzk) *2i0d(1kzk) *2ien(1kzk) *2nmw(1kzk) 
*2o4k(1kzk) *2o4p(1kzk) *2o4s(1kzk) *2p3b(1kzk) *2p3c(1kzk) 
*2pk5(1kzk) *2pk6(1kzk) *2psu(1kzk) *2psv(1kzk) *3aid(1kzk) 
*4hvp(1kzk) *4phv(1kzk) *7hvp(1kzk) *7upj(1kzk) *8hvp(1kzk) 
*1c3b(1l2s) *1fco(1l2s) *1fsw(1l2s) *1fsy(1l2s) 1ga9(1l2s) 1iel(1l2s) 
*1iem(1l2s) *1kds(1l2s) *1kdw(1l2s) *1ke0(1l2s) 1ke3(1l2s) 1ke4(1l2s) 
*1kvm(1l2s) 1ll5(1l2s) 1ll9(1l2s) 1llb(1l2s) 1mxo(1l2s) *1my8(1l2s) 
*1xgi(1l2s) *1xgj(1l2s) 2bls(1l2s) 2hdq(1l2s) 2hdr(1l2s) 2hdu(1l2s) 
*3bls(1l2s) *1a14(1l7f) *1f8b(1l7f) *1f8c(1l7f) *1f8d(1l7f) *1f8e(1l7f) 
*1iny(1l7f) *1mwe(1l7f) *1nca(1l7f) *1ncb(1l7f) *1ncc(1l7f) *1nmb(1l7f) 
*1nmc(1l7f) *1nna(1l7f) *1xoe(1l7f) *2b8h(1l7f) *2c4a(1l7f) *2c4l(1l7f) 
*2qwi(1l7f) *2qwj(1l7f) *2qwk(1l7f) *3nn9(1l7f) *4nn9(1l7f) *5nn9(1l7f) 
*6nn9(1l7f) *7nn9(1l7f) *1ezq(1lpz) *1f0r(1lpz) 1f0s(1lpz) *1fjs(1lpz) 
*1g2l(1lpz) *1ksn(1lpz) *1kye(1lpz) *1lpg(1lpz) *1lpk(1lpz) *1mq5(1lpz) 
*1mq6(1lpz) *1nfu(1lpz) *1nfw(1lpz) *1nfx(1lpz) *1nfy(1lpz) 1xka(1lpz) 
*1xkb(1lpz) *1z6e(1lpz) *2boh(1lpz) *2bok(1lpz) *2bq7(1lpz) *2fzz(1lpz) 
2g00(1lpz) *2h9e(1lpz) *2j2u(1lpz) 2j34(1lpz) *2j38(1lpz) *2j4i(1lpz) 
*2j94(1lpz) *2j95(1lpz) 2uwl(1lpz) *2uwo(1lpz) *2uwp(1lpz) *1lr5(1lrh) 
1me9(1meh) *1k2r(1mmv) *1k2t(1mmv) *1k2u(1mmv) *1lzx(1mmv) 
*1lzz(1mmv) *1m00(1mmv) *1mmw(1mmv) *1om5(1mmv) *1p6h(1mmv) 
*1p6i(1mmv) *1p6j(1mmv) *1qw6(1mmv) *1qwc(1mmv) *1rs6(1mmv) 
*1rs7(1mmv) *1vag(1mmv) 1zvi(1mmv) *2hx3(1mmv) *2hx4(1mmv) 
*1jcq(1mzc) 1kzo(1mzc) *1ld7(1mzc) *1ld8(1mzc) 1o5m(1mzc) 1s63(1mzc) 
*1sa4(1mzc) 1nu6(1n1m) *1nu8(1n1m) *1pfq(1n1m) 1rwq(1n1m) 
*1tk3(1n1m) *1x70(1n1m) *2ajl(1n1m) *2fjp(1n1m) 2g5p(1n1m) 
*2g5t(1n1m) *2hha(1n1m) 2iit(1n1m) 2iiv(1n1m) *2ogz(1n1m) 
*2oph(1n1m) *2p8s(1n1m) *1mop(1n2j) 1n2b(1n2j) *1n2e(1n2j) 
*1n2g(1n2j) *1n2h(1n2j) *1n2i(1n2j) *2a86(1n2j) *1enu(1n2v) 1f3e(1n2v) 
1k4g(1n2v) 1k4h(1n2v) *1p0b(1n2v) 1p0d(1n2v) 1p0e(1n2v) 1pud(1n2v) 
1q63(1n2v) 1q65(1n2v) 1r5y(1n2v) 1s38(1n2v) 1s39(1n2v) 1y5x(1n2v) 
*2bbf(1n2v) *1xzx(1n46) *2h6w(1n46) *1e2i(1of1) *1e2k(1of1) 
*1p7c(1of1) *2f4j(1opk) *2fo0(1opk) *2g2h(1opk) *2hiw(1opk) 
*2hyy(1opk) *2hzi(1opk) 1a42(1oq5) 1am6(1oq5) 1avn(1oq5) 1bcd(1oq5) 
1bn1(1oq5) *1bn3(1oq5) 1bn4(1oq5) 1bnn(1oq5) 1bnq(1oq5) 1bnt(1oq5) 
1bnu(1oq5) 1bnv(1oq5) 1bnw(1oq5) 1bv3(1oq5) 1ca2(1oq5) *1ca3(1oq5) 
1cao(1oq5) 1cay(1oq5) 1cil(1oq5) 1cim(1oq5) 1cin(1oq5) 1cng(1oq5) 
1cnw(1oq5) 1cnx(1oq5) 1cny(1oq5) 1cra(1oq5) 1eou(1oq5) 1f2w(1oq5) 
1fql(1oq5) 1fqm(1oq5) *1g0e(1oq5) 1g0f(1oq5) 1g1d(1oq5) 1g52(1oq5) 
1g53(1oq5) 1g54(1oq5) *1hca(1oq5) 1i8z(1oq5) 1i90(1oq5) 1i91(1oq5) 
1if4(1oq5) 1if5(1oq5) 1if6(1oq5) 1if7(1oq5) 1if8(1oq5) 1if9(1oq5) 
1kwr(1oq5) 1lug(1oq5) 1lzv(1oq5) 1moo(1oq5) 1okl(1oq5) 1okm(1oq5) 
*1okn(1oq5) 1ray(1oq5) 1raz(1oq5) 1t9n(1oq5) 1tb0(1oq5) 1tbt(1oq5) 
1te3(1oq5) 1teq(1oq5) 1teu(1oq5) 1ttm(1oq5) 1ugb(1oq5) 1ugd(1oq5) 
*1ugg(1oq5) 1xeg(1oq5) 1xev(1oq5) 1xpz(1oq5) 1xq0(1oq5) 1z9y(1oq5) 
1ze8(1oq5) 1zfk(1oq5) 1zfq(1oq5) 1zge(1oq5) 1zgf(1oq5) 1zh9(1oq5) 
1zsb(1oq5) 1zsc(1oq5) 2aw1(1oq5) 2ax2(1oq5) 2ca2(1oq5) 2cba(1oq5) 
2cbb(1oq5) 2cbc(1oq5) 2cbd(1oq5) 2eu2(1oq5) 2eu3(1oq5) 2ez7(1oq5) 
2f14(1oq5) 2fmz(1oq5) 2fnk(1oq5) 2fnm(1oq5) 2fnn(1oq5) 2foq(1oq5) 
2fos(1oq5) 2fov(1oq5) *2gd8(1oq5) 2geh(1oq5) 2h15(1oq5) 2hd6(1oq5) 
2hkk(1oq5) 2hl4(1oq5) 2hnc(1oq5) 2hoc(1oq5) 2ili(1oq5) 2nng(1oq5) 
2nno(1oq5) 2nns(1oq5) 2nnv(1oq5) 2nxr(1oq5) 2nxs(1oq5) 2nxt(1oq5) 
2o4z(1oq5) 4ca2(1oq5) 4cac(1oq5) *5cac(1oq5) 1c5x(1owe) 1c5y(1owe) 
1c5z(1owe) 1ejn(1owe) 1f5k(1owe) 1f5l(1owe) 1gi7(1owe) 1gi8(1owe) 
1gi9(1owe) 1gj7(1owe) 1gj8(1owe) 1gj9(1owe) 1gja(1owe) 1gjb(1owe) 
1gjc(1owe) 1gjd(1owe) 1o3p(1owe) 1owd(1owe) 1owh(1owe) 1sc8(1owe) 
1sqa(1owe) 1sqo(1owe) 1sqt(1owe) 1u6q(1owe) 1vj9(1owe) 1vja(1owe) 
*1a2c(1oyt) *1a46(1oyt) *1a4w(1oyt) *1a5g(1oyt) *1a61(1oyt) *1abj(1oyt) 
*1ad8(1oyt) *1ae8(1oyt) *1afe(1oyt) *1aht(1oyt) *1ay6(1oyt) *1b5g(1oyt) 
*1ba8(1oyt) *1bcu(1oyt) *1c1u(1oyt) *1c1v(1oyt) *1c1w(1oyt) *1c4u(1oyt) 
*1c5l(1oyt) *1c5n(1oyt) *1c5o(1oyt) *1d3d(1oyt) *1d3p(1oyt) *1d4p(1oyt) 
*1d6w(1oyt) *1d9i(1oyt) *1de7(1oyt) *1doj(1oyt) *1dx5(1oyt) *1eb1(1oyt) 
*1fpc(1oyt) *1g30(1oyt) *1g32(1oyt) *1g37(1oyt) *1ghv(1oyt) *1ghw(1oyt) 
*1ghx(1oyt) 1ghy(1oyt) *1gj4(1oyt) *1gj5(1oyt) *1h8i(1oyt) 1hag(1oyt) 
*1hah(1oyt) *1hai(1oyt) *1hgt(1oyt) *1hxe(1oyt) *1hxf(1oyt) *1k21(1oyt) 
*1k22(1oyt) *1kts(1oyt) *1ktt(1oyt) *1lhc(1oyt) *1lhd(1oyt) *1lhe(1oyt) 
*1lhf(1oyt) *1lhg(1oyt) *1mu6(1oyt) *1mu8(1oyt) *1mue(1oyt) 
*1nm6(1oyt) *1no9(1oyt) *1nrr(1oyt) *1nt1(1oyt) *1nzq(1oyt) *1o0d(1oyt) 
*1o2g(1oyt) *1o5g(1oyt) *1qbv(1oyt) *1sb1(1oyt) *1sfq(1oyt) 1sg8(1oyt) 
*1sgi(1oyt) *1shh(1oyt) *1sl3(1oyt) *1t4u(1oyt) *1t4v(1oyt) *1ta6(1oyt) 
*1thr(1oyt) *1ths(1oyt) *1tmb(1oyt) *1tmu(1oyt) *1tom(1oyt) *1uma(1oyt) 
*1vr1(1oyt) *1vzq(1oyt) *1w7g(1oyt) *1way(1oyt) *1xm1(1oyt) 
*1xmn(1oyt) *1ype(1oyt) *1ypg(1oyt) *1ypj(1oyt) *1ypk(1oyt) *1ypl(1oyt) 
*1ypm(1oyt) *1z71(1oyt) *1zgi(1oyt) *1zgv(1oyt) *1zrb(1oyt) *2a2x(1oyt) 
*2ank(1oyt) *2anm(1oyt) *2bvr(1oyt) *2bvs(1oyt) 2bxt(1oyt) *2c8w(1oyt) 
*2c8x(1oyt) *2c8y(1oyt) *2c8z(1oyt) *2c90(1oyt) *2c93(1oyt) *2cf8(1oyt) 
*1m00(1mmv) *1mmw(1mmv) *1om5(1mmv) *1p6h(1mmv) 
*1p6i(1mmv) *1p6j(1mmv) *1qw6(1mmv) *1qwc(1mmv) *1rs6(1mmv) 
*1rs7(1mmv) *1vag(1mmv) 1zvi(1mmv) *2hx3(1mmv) *2hx4(1mmv) 
1nu6(1n1m) *1nu8(1n1m) *1pfq(1n1m) 1rwq(1n1m) *1tk3(1n1m) 
*1x70(1n1m) *2ajl(1n1m) *2fjp(1n1m) 2g5p(1n1m) *2g5t(1n1m) 
*2hha(1n1m) 2iit(1n1m) 2iiv(1n1m) *2ogz(1n1m) *2oph(1n1m) 
*2p8s(1n1m) *1enu(1n2v) 1f3e(1n2v) 1k4g(1n2v) 1k4h(1n2v) 
*1p0b(1n2v) 1p0d(1n2v) 1p0e(1n2v) 1pud(1n2v) 1q63(1n2v) 
1q65(1n2v) 1r5y(1n2v) 1s38(1n2v) 1s39(1n2v) 1y5x(1n2v) *2bbf(1n2v) 
*1e2i(1of1) *1e2k(1of1) *2f4j(1opk) *2fo0(1opk) *2g2h(1opk) 
*2hiw(1opk) *2hyy(1opk) *2hzi(1opk) 1a42(1oq5) 1am6(1oq5) 
1avn(1oq5) 1bcd(1oq5) 1bn1(1oq5) *1bn3(1oq5) 1bn4(1oq5) 
1bnn(1oq5) 1bnq(1oq5) 1bnt(1oq5) 1bnu(1oq5) 1bnv(1oq5) 1bnw(1oq5) 
1bv3(1oq5) 1ca2(1oq5) *1ca3(1oq5) 1cao(1oq5) 1cay(1oq5) 1cil(1oq5) 
1cim(1oq5) 1cin(1oq5) 1cng(1oq5) 1cnw(1oq5) 1cnx(1oq5) 1cny(1oq5) 
1cra(1oq5) 1eou(1oq5) 1f2w(1oq5) 1fql(1oq5) 1fqm(1oq5) *1g0e(1oq5) 
1g0f(1oq5) 1g1d(1oq5) 1g52(1oq5) 1g53(1oq5) 1g54(1oq5) 
*1hca(1oq5) 1i8z(1oq5) 1i90(1oq5) 1i91(1oq5) 1if4(1oq5) 1if5(1oq5) 
1if6(1oq5) 1if7(1oq5) 1if8(1oq5) 1if9(1oq5) 1kwr(1oq5) 1lug(1oq5) 
1lzv(1oq5) 1moo(1oq5) 1okl(1oq5) 1okm(1oq5) *1okn(1oq5) 
1ray(1oq5) 1raz(1oq5) 1t9n(1oq5) 1tb0(1oq5) 1tbt(1oq5) 1te3(1oq5) 
1teq(1oq5) 1teu(1oq5) 1ttm(1oq5) 1ugb(1oq5) 1ugd(1oq5) *1ugg(1oq5) 
1xeg(1oq5) 1xev(1oq5) 1xpz(1oq5) 1xq0(1oq5) 1z9y(1oq5) 1ze8(1oq5) 
1zfk(1oq5) 1zfq(1oq5) 1zge(1oq5) 1zgf(1oq5) 1zh9(1oq5) 1zsb(1oq5) 
1zsc(1oq5) 2aw1(1oq5) 2ax2(1oq5) 2ca2(1oq5) 2cba(1oq5) 2cbb(1oq5) 
2cbc(1oq5) 2cbd(1oq5) 2eu2(1oq5) 2eu3(1oq5) 2ez7(1oq5) 2f14(1oq5) 
2fmz(1oq5) 2fnk(1oq5) 2fnm(1oq5) 2fnn(1oq5) 2foq(1oq5) 2fos(1oq5) 
2fov(1oq5) *2gd8(1oq5) 2geh(1oq5) 2h15(1oq5) 2hd6(1oq5) 
2hkk(1oq5) 2hl4(1oq5) 2hnc(1oq5) 2hoc(1oq5) 2ili(1oq5) 2nng(1oq5) 
2nno(1oq5) 2nns(1oq5) 2nnv(1oq5) 2nxr(1oq5) 2nxs(1oq5) 2nxt(1oq5) 
2o4z(1oq5) 4ca2(1oq5) 4cac(1oq5) *5cac(1oq5) 1c5x(1owe) 
1c5y(1owe) 1c5z(1owe) 1ejn(1owe) 1f5k(1owe) 1f5l(1owe) 1gi7(1owe) 
1gi8(1owe) 1gi9(1owe) 1gj7(1owe) 1gj8(1owe) 1gj9(1owe) 1gja(1owe) 
1gjb(1owe) 1gjc(1owe) 1gjd(1owe) 1o3p(1owe) 1owd(1owe) 
1owh(1owe) 1sc8(1owe) 1sqa(1owe) 1sqo(1owe) 1sqt(1owe) 
1u6q(1owe) 1vj9(1owe) 1vja(1owe) *1a2c(1oyt) *1a46(1oyt) 
*1a4w(1oyt) *1a5g(1oyt) *1a61(1oyt) *1abj(1oyt) *1ad8(1oyt) 
*1ae8(1oyt) *1afe(1oyt) *1aht(1oyt) *1ay6(1oyt) *1b5g(1oyt) 
*1ba8(1oyt) *1bcu(1oyt) *1c1u(1oyt) *1c1v(1oyt) *1c1w(1oyt) 
*1c4u(1oyt) *1c5l(1oyt) *1c5n(1oyt) *1c5o(1oyt) *1d3d(1oyt) 
*1d3p(1oyt) *1d4p(1oyt) *1d6w(1oyt) *1d9i(1oyt) *1de7(1oyt) 
*1doj(1oyt) *1dx5(1oyt) *1eb1(1oyt) *1fpc(1oyt) *1g30(1oyt) 
*1g32(1oyt) *1g37(1oyt) *1ghv(1oyt) *1ghw(1oyt) *1ghx(1oyt) 
1ghy(1oyt) *1gj4(1oyt) *1gj5(1oyt) *1h8i(1oyt) 1hag(1oyt) *1hah(1oyt) 
*1hai(1oyt) *1hgt(1oyt) *1hxf(1oyt) *1k21(1oyt) *1k22(1oyt) 
*1kts(1oyt) *1ktt(1oyt) *1lhc(1oyt) *1lhd(1oyt) *1lhe(1oyt) *1lhf(1oyt) 
*1lhg(1oyt) *1mu6(1oyt) *1mu8(1oyt) *1mue(1oyt) *1nm6(1oyt) 
*1no9(1oyt) *1nrr(1oyt) *1nt1(1oyt) *1nzq(1oyt) *1o0d(1oyt) 
*1o2g(1oyt) *1o5g(1oyt) *1qbv(1oyt) *1sb1(1oyt) *1sfq(1oyt) 
1sg8(1oyt) *1sgi(1oyt) *1shh(1oyt) *1sl3(1oyt) *1t4u(1oyt) *1t4v(1oyt) 
*1ta6(1oyt) *1thr(1oyt) *1ths(1oyt) *1tmb(1oyt) *1tmu(1oyt) 
*1tom(1oyt) *1uma(1oyt) *1vr1(1oyt) *1vzq(1oyt) *1w7g(1oyt) 
*1way(1oyt) *1xm1(1oyt) *1xmn(1oyt) *1ype(1oyt) *1ypg(1oyt) 
*1ypj(1oyt) *1ypk(1oyt) *1ypl(1oyt) *1ypm(1oyt) *1z71(1oyt) 
*1zgi(1oyt) *1zgv(1oyt) *1zrb(1oyt) *2a2x(1oyt) *2ank(1oyt) 
*2anm(1oyt) *2bvr(1oyt) *2bvs(1oyt) 2bxt(1oyt) *2c8w(1oyt) 
*2c8x(1oyt) *2c8y(1oyt) *2c8z(1oyt) *2c90(1oyt) *2c93(1oyt) 
*2cf8(1oyt) *2cf9(1oyt) *2cn0(1oyt) *2feq(1oyt) *2fes(1oyt) 
*2gde(1oyt) 2gp9(1oyt) *2od3(1oyt) *4thn(1oyt) *5gds(1oyt) 
*7kme(1oyt) *8kme(1oyt) *1akd(1p2y) *1cp4(1p2y) *1dz4(1p2y) 
*1dz6(1p2y) 1dz8(1p2y) 1dz9(1p2y) 1gek(1p2y) *1gem(1p2y) 
*1gjm(1p2y) *1iwi(1p2y) *1iwj(1p2y) *1iwk(1p2y) *1lwl(1p2y) 
*1noo(1p2y) *1o76(1p2y) *1pha(1p2y) *1phc(1p2y) *1phd(1p2y) 
1phe(1p2y) *1phf(1p2y) *1phg(1p2y) *1re9(1p2y) *1t85(1p2y) 
*1t86(1p2y) *1t87(1p2y) *1t88(1p2y) *1yrc(1p2y) *1yrd(1p2y) 
*2a1m(1p2y) *2cpp(1p2y) *2h7q(1p2y) 3cp4(1p2y) *4cp4(1p2y) 
4cpp(1p2y) *5cp4(1p2y) *5cpp(1p2y) *6cpp(1p2y) *7cpp(1p2y) 
*8cpp(1p2y) *1p5z(1p62) *1p60(1p62) *1p61(1p62) *2no9(1p62) 
*2noa(1p62) 1s9t(1tt1) *1sd3(1tt1) *1u1d(1u1c) *1u1e(1u1c) 
*1u1f(1u1c) *2j0f(1uou) *1ob3(1v0p) *1v0b(1v0p) 1v0o(1v0p) 
*1a4g(1vcj) *1a4q(1vcj) *1b9s(1vcj) *1b9t(1vcj) *1b9v(1vcj) 
*1inf(1vcj) *1inv(1vcj) *1ivb(1vcj) *1nsb(1vcj) *1nsc(1vcj) *1nsd(1vcj) 
*1e15(1w1p) 1e6r(1w1p) *1gpf(1w1p) 1h0g(1w1p) 1h0i(1w1p) 
1o6i(1w1p) 1ur8(1w1p) *1w1t(1w1p) *1w1v(1w1p) 1w1y(1w1p) 
*1g3u(1w2g) *1gsi(1w2g) *1mrn(1w2g) *1mrs(1w2g) *1n5i(1w2g) 
*1n5k(1w2g) *1n5l(1w2g) *1w2h(1w2g) 1t9s(1xoz) 1tbf(1xoz) 
1xp0(1xoz) *2chm(1xoz) 1fmv(1yv3) 1fmw(1yv3) 1jwy(1yv3) 
1jx2(1yv3) 1mma(1yv3) 1mmg(1yv3) 1mmn(1yv3) 1nb4(1yvf) 
*2ax8(1z95) *1byq(2bsm) *1osf(2bsm) *1uy6(2bsm) *1uy7(2bsm) 
*1uy8(2bsm) *1uy9(2bsm) *1uyc(2bsm) *1uyd(2bsm) *1uye(2bsm) 
*1uyf(2bsm) *1uyg(2bsm) *1uyh(2bsm) *1uyi(2bsm) *1uyk(2bsm) 
*1uyl(2bsm) *1yc1(2bsm) *1yc3(2bsm) *1yc4(2bsm) *1yer(2bsm) 
*1yes(2bsm) *1yet(2bsm) *2bt0(2bsm) *2byh(2bsm) *2byi(2bsm) 
*2bz5(2bsm) *2ccs(2bsm) *2cct(2bsm) *2cdd(2bsm) *2fwy(2bsm) 
*2fwz(2bsm) *2h55(2bsm) *2uwd(2bsm) 
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*2cf9(1oyt) *2cn0(1oyt) *2feq(1oyt) *2fes(1oyt) *2gde(1oyt) 2gp9(1oyt) 
*2od3(1oyt) *4thn(1oyt) *5gds(1oyt) *7kme(1oyt) *8kme(1oyt) *1akd(1p2y) 
*1cp4(1p2y) *1dz4(1p2y) *1dz6(1p2y) 1dz8(1p2y) 1dz9(1p2y) 1gek(1p2y) 
*1gem(1p2y) *1gjm(1p2y) *1iwi(1p2y) *1iwj(1p2y) *1iwk(1p2y) 
*1lwl(1p2y) *1noo(1p2y) *1o76(1p2y) *1pha(1p2y) *1phc(1p2y) 
*1phd(1p2y) 1phe(1p2y) *1phf(1p2y) *1phg(1p2y) *1re9(1p2y) *1t85(1p2y) 
*1t86(1p2y) *1t87(1p2y) *1t88(1p2y) *1uyu(1p2y) *1yrc(1p2y) *1yrd(1p2y) 
*2a1m(1p2y) *2cpp(1p2y) *2h7q(1p2y) 3cp4(1p2y) *4cp4(1p2y) 4cpp(1p2y) 
*5cp4(1p2y) *5cpp(1p2y) *6cpp(1p2y) *7cpp(1p2y) *8cpp(1p2y) 
*1p5z(1p62) *1p60(1p62) *1p61(1p62) *2no9(1p62) *2noa(1p62) 
1jnk(1pmn) *1pmq(1pmn) 1pmv(1pmn) *2o0u(1pmn) *1nw4(1q1g) 
*1j1b(1q41) *1j1c(1q41) *1pyx(1q41) *1q3d(1q41) *1q3w(1q41) 
*1q5k(1q41) *1r0e(1q41) *2ayl(1q4g) 1dmt(1r1h) 1r1j(1r1h) 1y8j(1r1h) 
*1r54(1r55) *1r5g(1r58) 1r5h(1r58) 1yw7(1r58) *1yw9(1r58) 2ga2(1r58) 
*1db1(1s19) *1ie8(1s19) *1ie9(1s19) *1s0z(1s19) *1txi(1s19) *2ham(1s19) 
*2har(1s19) *2has(1s19) *2hb7(1s19) *2hb8(1s19) *1dhf(1s3v) *1drf(1s3v) 
*1hfr(1s3v) *1mvs(1s3v) *1mvt(1s3v) *1pd9(1s3v) *1pdb(1s3v) 
*1s3u(1s3v) *2dhf(1s3v) *1qr2(1sg0) *1xi2(1sg0) *1zx1(1sg0) *2bzs(1sg0) 
*2qr2(1sg0) *2ouz(1sj0) *3ert(1sj0) *1a28(1sqn) *1sr7(1sqn) *1zuc(1sqn) 
1ads(1t40) 1el3(1t40) *1iei(1t40) *1pwl(1t40) *1t41(1t40) 1x96(1t40) 
1x97(1t40) 1x98(1t40) *1z89(1t40) 1z8a(1t40) 2acq(1t40) 2acr(1t40) 
2acs(1t40) *2dux(1t40) *2duz(1t40) *2dv0(1t40) *2fz8(1t40) *2fz9(1t40) 
2fzd(1t40) *2hv5(1t40) *2hvn(1t40) *2hvo(1t40) *2ikg(1t40) *2ikh(1t40) 
*2iki(1t40) *2ikj(1t40) 2ine(1t40) 2inz(1t40) 2iq0(1t40) 2iqd(1t40) 
2is7(1t40) 2j8t(1t40) 2nvc(1t40) 1tou(1tow) 2hnx(1tow) 1s9t(1tt1) 
*1sd3(1tt1) *1u1d(1u1c) *1u1e(1u1c) *1u1f(1u1c) 1y1r(1u1c) 1krm(1uml) 
*1ndv(1uml) *1ndw(1uml) *1ndy(1uml) 1o5r(1uml) *1qxl(1uml) 
1v79(1uml) *1v7a(1uml) 1vfl(1uml) 1wxy(1uml) *2e1w(1uml) *2j0f(1uou) 
*1ob3(1v0p) *1v0b(1v0p) 1v0o(1v0p) *1a4g(1vcj) *1a4q(1vcj) *1b9s(1vcj) 
*1b9t(1vcj) *1b9v(1vcj) *1inf(1vcj) *1inv(1vcj) *1ivb(1vcj) *1nsb(1vcj) 
*1nsc(1vcj) *1nsd(1vcj) *1e15(1w1p) 1e6r(1w1p) *1gpf(1w1p) 1h0g(1w1p) 
1h0i(1w1p) 1o6i(1w1p) 1ur8(1w1p) *1w1t(1w1p) *1w1v(1w1p) 
1w1y(1w1p) *1g3u(1w2g) *1gsi(1w2g) *1mrn(1w2g) *1mrs(1w2g) 
*1n5i(1w2g) *1n5k(1w2g) *1n5l(1w2g) *1w2h(1w2g) 1tb7(1xoq) 
*1tbb(1xoq) *1xom(1xoq) *1xon(1xoq) 1xor(1xoq) 1y2b(1xoq) *1y2c(1xoq) 
*1y2d(1xoq) 1y2e(1xoq) 1y2k(1xoq) *1zkn(1xoq) *2fm0(1xoq) 
*2fm5(1xoq) 1t9s(1xoz) 1tbf(1xoz) 1xp0(1xoz) *2chm(1xoz) 1cvw(1ygc) 
1dan(1ygc) 1kli(1ygc) 1o5d(1ygc) *1w0y(1ygc) 1w7x(1ygc) 1wqv(1ygc) 
*1wtg(1ygc) 1wun(1ygc) 1z6j(1ygc) 2a2q(1ygc) *2aer(1ygc) 2b7d(1ygc) 
2c4f(1ygc) 2fir(1ygc) 2flb(1ygc) 2flr(1ygc) 1d0x(1yv3) 1d0y(1yv3) 
1d0z(1yv3) 1d1a(1yv3) 1d1b(1yv3) 1d1c(1yv3) 1fmv(1yv3) 1fmw(1yv3) 
1jwy(1yv3) 1jx2(1yv3) 1lvk(1yv3) 1mma(1yv3) 1mmd(1yv3) 1mmg(1yv3) 
1mmn(1yv3) 1vom(1yv3) 1nb4(1yvf) *1a9u(1ywr) *1bl6(1ywr) 1bl7(1ywr) 
1bmk(1ywr) 1kv1(1ywr) 1lew(1ywr) 1lez(1ywr) 1m7q(1ywr) *1ouk(1ywr) 
*1ouy(1ywr) *1ove(1ywr) *1oz1(1ywr) 1p38(1ywr) 1r39(1ywr) 1r3c(1ywr) 
1w7h(1ywr) 1w82(1ywr) 1w83(1ywr) *1w84(1ywr) 1wbn(1ywr) 
*1wbo(1ywr) 1wbs(1ywr) 1wbt(1ywr) 1wbv(1ywr) 1wbw(1ywr) 
*1wfc(1ywr) 1yqj(1ywr) 1zz2(1ywr) 1zzl(1ywr) *2bak(1ywr) *2bal(1ywr) 
2gfs(1ywr) *2ghl(1ywr) *2ghm(1ywr) *2gtn(1ywr) 2i0h(1ywr) *2ax8(1z95) 
*2fpz(2bm2) 1ia8(2br1) *1nvq(2br1) *1nvr(2br1) 1nvs(2br1) 1zlt(2br1) 
*1zys(2br1) *2brb(2br1) *2brg(2br1) *2brh(2br1) *2brm(2br1) *2bro(2br1) 
2c3l(2br1) 2cgu(2br1) *2cgw(2br1) 2cgx(2br1) 2hog(2br1) *1byq(2bsm) 
*1osf(2bsm) *1uy6(2bsm) *1uy7(2bsm) *1uy8(2bsm) *1uy9(2bsm) 
*1uyc(2bsm) *1uyd(2bsm) *1uye(2bsm) *1uyf(2bsm) *1uyg(2bsm) 
*1uyh(2bsm) *1uyi(2bsm) *1uyk(2bsm) *1uyl(2bsm) *1yc1(2bsm) 
*1yc3(2bsm) *1yc4(2bsm) *1yer(2bsm) *1yes(2bsm) *1yet(2bsm) 
*2bt0(2bsm) *2byh(2bsm) *2byi(2bsm) *2bz5(2bsm) *2ccs(2bsm) 
*2cct(2bsm) *2cdd(2bsm) *2fwy(2bsm) *2fwz(2bsm) *2h55(2bsm) 
*2uwd(2bsm) 
FLFP FlexAID 
1fxh(1gm8) *1fxv(1gm8) 1gkf(1gm8) 1gm7(1gm8) *1dx6(1gpk) 
*1e66(1gpk) *1ea5(1gpk) *1eve(1gpk) *1gpn(1gpk) *1h22(1gpk) 
*1h23(1gpk) *1jjb(1gpk) *1odc(1gpk) *1qid(1gpk) *1qie(1gpk) *1qif(1gpk) 
*1qig(1gpk) *1qih(1gpk) *1qti(1gpk) *1ut6(1gpk) *1vot(1gpk) *1vxr(1gpk) 
*1w4l(1gpk) *1w6r(1gpk) *1w75(1gpk) *1zgb(1gpk) *1zgc(1gpk) 
*2ack(1gpk) *2c5g(1gpk) *2cek(1gpk) *2ckm(1gpk) *2cmf(1gpk) 
*1yz3(1hnn) *2an3(1hnn) *2an4(1hnn) *2an5(1hnn) *2g71(1hnn) 
*2g8n(1hnn) *2ff1(1hp0) *1q0n(1hq2) *1hty(1hww) *1hxk(1hww) 
1ps3(1hww) *1r33(1hww) *1r34(1hww) *1tqs(1hww) *1tqt(1hww) 
*1tqu(1hww) 1tqv(1hww) *1tqw(1hww) *2alw(1hww) 2f18(1hww) 
*2f1a(1hww) *2f1b(1hww) *2f7o(1hww) *2f7p(1hww) *2f7q(1hww) 
*2f7r(1hww) *2fyv(1hww) *1ai9(1ia1) *1aoe(1ia1) *1ia2(1ia1) *1m78(1ia1) 
*1m7a(1ia1) *2f17(1ig3) 1dd6(1jje) *1jjt(1jje) 1jkh(1jla) *1a50(1k3u) 
*1c29(1k3u) 1c8v(1k3u) *1c9d(1k3u) *1cw2(1k3u) 1cx9(1k3u) *1fuy(1k3u) 
*1qop(1k3u) *1tjp(1k3u) *1wbj(1k3u) *2trs(1k3u) 2tsy(1k3u) *1aq1(1ke5) 
*1b38(1ke5) *1b39(1ke5) *1ckp(1ke5) *1di8(1ke5) 1e1v(1ke5) *1e1x(1ke5) 
*1e9h(1ke5) *1fin(1ke5) *1fvt(1ke5) 1gz8(1ke5) *1h00(1ke5) *1h08(1ke5) 
1h0v(1ke5) *1h0w(1ke5) *1h1p(1ke5) *1h1q(1ke5) *1h1r(1ke5) 
*1h1s(1ke5) *1h24(1ke5) *1h25(1ke5) *1h26(1ke5) *1h27(1ke5) 1hck(1ke5) 
1hcl(1ke5) *1jsv(1ke5) *1ke6(1ke5) *1ke7(1ke5) *1ke8(1ke5) *1ke9(1ke5) 
*1oi9(1ke5) *1oiq(1ke5) *1oit(1ke5) *1oiu(1ke5) *1oiy(1ke5) 1okv(1ke5) 
1okw(1ke5) *1p2a(1ke5) *1p5e(1ke5) *1pkd(1ke5) 1pw2(1ke5) *1pxi(1ke5) 
*1pxj(1ke5) *1pxl(1ke5) 1qmz(1ke5) *1urw(1ke5) *1v1k(1ke5) *1vyz(1ke5) 
*1w0x(1ke5) 1w8c(1ke5) *1w98(1ke5) *1wcc(1ke5) *1y8y(1ke5) 
*1y91(1ke5) *1ykr(1ke5) *2a0c(1ke5) *2a4l(1ke5) *2b52(1ke5) 
*2b53(1ke5) 2b54(1ke5) *2btr(1ke5) 2c5n(1ke5) *2c5o(1ke5) *2c5p(1ke5) 
*2c5y(1ke5) 2c68(1ke5) 2c69(1ke5) *2c6i(1ke5) *2c6k(1ke5) *2c6l(1ke5) 
*2c6m(1ke5) *2c6o(1ke5) 2cch(1ke5) *2cjm(1ke5) *2clx(1ke5) *2duv(1ke5) 
2exm(1ke5) *2fvd(1ke5) *2g9x(1ke5) *2uue(1ke5) 1c3b(1l2s) 1fco(1l2s) 
1fsw(1l2s) 1fsy(1l2s) 1ga9(1l2s) 1iel(1l2s) 1iem(1l2s) 1kds(1l2s) 1kdw(1l2s) 
1ke0(1l2s) 1ke3(1l2s) 1ke4(1l2s) 1kvm(1l2s) 1ll5(1l2s) 1ll9(1l2s) 1llb(1l2s) 
1mxo(1l2s) 1my8(1l2s) 1xgi(1l2s) *1xgj(1l2s) 2bls(1l2s) 2hdq(1l2s) 
*1dx6(1gpk) *1e66(1gpk) *1ea5(1gpk) *1eve(1gpk) *1gpn(1gpk) 
*1h22(1gpk) *1h23(1gpk) *1jjb(1gpk) *1odc(1gpk) *1qid(1gpk) 
*1qie(1gpk) *1qif(1gpk) *1qig(1gpk) *1qih(1gpk) *1qti(1gpk) 
*1ut6(1gpk) *1vot(1gpk) *1vxr(1gpk) *1w4l(1gpk) *1w6r(1gpk) 
*1w75(1gpk) *1zgb(1gpk) *1zgc(1gpk) *2ack(1gpk) *2c5g(1gpk) 
*2cek(1gpk) *2ckm(1gpk) *2cmf(1gpk) *1yz3(1hnn) *2an3(1hnn) 
*2an4(1hnn) *2an5(1hnn) *2g71(1hnn) *2g8n(1hnn) *2ff1(1hp0) 
*1q0n(1hq2) *1hty(1hww) *1hxk(1hww) 1ps3(1hww) *1r33(1hww) 
*1r34(1hww) *1tqs(1hww) *1tqt(1hww) *1tqu(1hww) 1tqv(1hww) 
*1tqw(1hww) *2alw(1hww) 2f18(1hww) *2f1a(1hww) *2f1b(1hww) 
*2f7o(1hww) *2f7p(1hww) *2f7q(1hww) *2f7r(1hww) 1dd6(1jje) 
*1jjt(1jje) 1jkh(1jla) *1a50(1k3u) *1c29(1k3u) 1c8v(1k3u) *1c9d(1k3u) 
*1cw2(1k3u) 1cx9(1k3u) *1fuy(1k3u) *1qop(1k3u) *1tjp(1k3u) 
*1wbj(1k3u) *2trs(1k3u) 2tsy(1k3u) *1aq1(1ke5) *1b38(1ke5) 
*1b39(1ke5) *1ckp(1ke5) *1di8(1ke5) 1e1v(1ke5) *1e1x(1ke5) 
*1e9h(1ke5) *1fin(1ke5) *1fvt(1ke5) 1gz8(1ke5) *1h00(1ke5) 
*1h08(1ke5) 1h0v(1ke5) *1h0w(1ke5) *1h1p(1ke5) *1h1q(1ke5) 
*1h1r(1ke5) *1h1s(1ke5) *1h24(1ke5) *1h25(1ke5) *1h26(1ke5) 
*1h27(1ke5) 1hck(1ke5) 1hcl(1ke5) *1jsv(1ke5) *1ke6(1ke5) 
*1ke7(1ke5) *1ke8(1ke5) *1ke9(1ke5) *1oi9(1ke5) *1oiq(1ke5) 
*1oit(1ke5) *1oiu(1ke5) *1oiy(1ke5) 1okv(1ke5) 1okw(1ke5) 
*1p2a(1ke5) *1p5e(1ke5) *1pkd(1ke5) 1pw2(1ke5) *1pxi(1ke5) 
*1pxj(1ke5) *1pxl(1ke5) 1qmz(1ke5) *1urw(1ke5) *1v1k(1ke5) 
*1vyz(1ke5) *1w0x(1ke5) 1w8c(1ke5) *1w98(1ke5) *1wcc(1ke5) 
*1y8y(1ke5) *1y91(1ke5) *1ykr(1ke5) *2a0c(1ke5) *2a4l(1ke5) 
*2b52(1ke5) *2b53(1ke5) 2b54(1ke5) *2btr(1ke5) 2c5n(1ke5) 
*2c5o(1ke5) *2c5p(1ke5) *2c5y(1ke5) 2c69(1ke5) *2c6i(1ke5) 
*2c6k(1ke5) *2c6l(1ke5) *2c6o(1ke5) 2cch(1ke5) *2cjm(1ke5) 
*2clx(1ke5) *2duv(1ke5) 2exm(1ke5) *2fvd(1ke5) *2g9x(1ke5) 
*2uue(1ke5) 1fco(1l2s) 1iel(1l2s) 1ke4(1l2s) 1kvm(1l2s) 1ll5(1l2s) 
1ll9(1l2s) 1llb(1l2s) 1xgi(1l2s) *1xgj(1l2s) 2bls(1l2s) 2hdq(1l2s) 
2hdr(1l2s) 2hdu(1l2s) *1a14(1l7f) *1f8b(1l7f) *1f8c(1l7f) *1f8d(1l7f) 
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2hdr(1l2s) 2hdu(1l2s) 3bls(1l2s) *1a14(1l7f) *1f8b(1l7f) *1f8c(1l7f) 
*1f8d(1l7f) *1f8e(1l7f) *1iny(1l7f) *1mwe(1l7f) *1nca(1l7f) *1ncb(1l7f) 
*1ncc(1l7f) *1nmb(1l7f) *1nmc(1l7f) *1nna(1l7f) *1xoe(1l7f) *2b8h(1l7f) 
*2c4a(1l7f) *2c4l(1l7f) *2qwi(1l7f) *2qwj(1l7f) *2qwk(1l7f) *3nn9(1l7f) 
*4nn9(1l7f) *5nn9(1l7f) *6nn9(1l7f) *7nn9(1l7f) *1ezq(1lpz) 1f0r(1lpz) 
*1f0s(1lpz) 1fjs(1lpz) 1g2l(1lpz) *1ksn(1lpz) *1kye(1lpz) 1lpg(1lpz) 
1lpk(1lpz) 1mq5(1lpz) *1mq6(1lpz) *1nfu(1lpz) *1nfw(1lpz) 1nfx(1lpz) 
*1nfy(1lpz) 1xka(1lpz) 1xkb(1lpz) 1z6e(1lpz) 2boh(1lpz) 2bok(1lpz) 
2bq7(1lpz) *2fzz(1lpz) 2g00(1lpz) *2h9e(1lpz) 2j2u(1lpz) 2j34(1lpz) 
2j38(1lpz) *2j4i(1lpz) *2j94(1lpz) 2j95(1lpz) *2uwl(1lpz) *2uwo(1lpz) 
2uwp(1lpz) *1lr5(1lrh) 1me9(1meh) 1k2r(1mmv) 1k2t(1mmv) 1k2u(1mmv) 
1lzx(1mmv) 1lzz(1mmv) 1m00(1mmv) *1mmw(1mmv) 1om5(1mmv) 
1p6h(1mmv) 1p6i(1mmv) 1p6j(1mmv) 1qw6(1mmv) 1qwc(1mmv) 
1rs6(1mmv) 1rs7(1mmv) 1vag(1mmv) 1zvi(1mmv) 2hx3(1mmv) 
2hx4(1mmv) *1nu6(1n1m) *1nu8(1n1m) *1pfq(1n1m) *1rwq(1n1m) 
*1tk3(1n1m) *1x70(1n1m) *2ajl(1n1m) *2fjp(1n1m) *2g5p(1n1m) 
*2g5t(1n1m) *2hha(1n1m) *2iit(1n1m) *2iiv(1n1m) *2ogz(1n1m) 
*2oph(1n1m) *2p8s(1n1m) 1mop(1n2j) 1n2b(1n2j) 1n2e(1n2j) 1n2g(1n2j) 
1n2h(1n2j) 1n2i(1n2j) 2a86(1n2j) *1enu(1n2v) *1f3e(1n2v) *1k4g(1n2v) 
*1k4h(1n2v) *1p0b(1n2v) 1p0d(1n2v) *1p0e(1n2v) *1pud(1n2v) 
*1q63(1n2v) 1q65(1n2v) 1r5y(1n2v) 1s38(1n2v) 1s39(1n2v) 1y5x(1n2v) 
*2bbf(1n2v) *1xzx(1n46) *2h6w(1n46) *1e2i(1of1) *1e2k(1of1) 
*1p7c(1of1) *2f4j(1opk) *2fo0(1opk) *2g2h(1opk) *2hiw(1opk) 
*2hyy(1opk) *2hzi(1opk) 1a42(1oq5) 1am6(1oq5) 1avn(1oq5) 1bcd(1oq5) 
1bn1(1oq5) 1bn3(1oq5) 1bn4(1oq5) 1bnn(1oq5) 1bnq(1oq5) 1bnt(1oq5) 
1bnu(1oq5) 1bnv(1oq5) 1bnw(1oq5) 1bv3(1oq5) 1ca2(1oq5) 1ca3(1oq5) 
1cao(1oq5) 1cay(1oq5) 1cil(1oq5) 1cim(1oq5) 1cin(1oq5) 1cng(1oq5) 
1cnw(1oq5) 1cnx(1oq5) 1cny(1oq5) 1cra(1oq5) 1eou(1oq5) 1f2w(1oq5) 
1fql(1oq5) 1fqm(1oq5) 1g0e(1oq5) 1g0f(1oq5) 1g1d(1oq5) 1g52(1oq5) 
1g53(1oq5) 1g54(1oq5) 1hca(1oq5) 1i8z(1oq5) 1i90(1oq5) 1i91(1oq5) 
1if4(1oq5) 1if5(1oq5) 1if6(1oq5) 1if7(1oq5) 1if8(1oq5) 1if9(1oq5) 
1kwr(1oq5) 1lug(1oq5) 1lzv(1oq5) 1moo(1oq5) 1okl(1oq5) 1okm(1oq5) 
*1okn(1oq5) 1ray(1oq5) 1raz(1oq5) 1t9n(1oq5) 1tb0(1oq5) 1tbt(1oq5) 
1te3(1oq5) 1teq(1oq5) 1teu(1oq5) 1ttm(1oq5) 1ugb(1oq5) 1ugd(1oq5) 
1ugg(1oq5) 1xeg(1oq5) 1xev(1oq5) 1xpz(1oq5) 1xq0(1oq5) 1z9y(1oq5) 
1ze8(1oq5) 1zfk(1oq5) 1zfq(1oq5) 1zge(1oq5) 1zgf(1oq5) 1zh9(1oq5) 
1zsb(1oq5) 1zsc(1oq5) 2aw1(1oq5) 2ax2(1oq5) 2ca2(1oq5) 2cba(1oq5) 
2cbb(1oq5) 2cbc(1oq5) 2cbd(1oq5) 2eu2(1oq5) 2eu3(1oq5) 2ez7(1oq5) 
2f14(1oq5) 2fmz(1oq5) 2fnk(1oq5) 2fnm(1oq5) 2fnn(1oq5) 2foq(1oq5) 
2fos(1oq5) 2fov(1oq5) 2gd8(1oq5) 2geh(1oq5) 2h15(1oq5) 2hd6(1oq5) 
2hkk(1oq5) 2hl4(1oq5) 2hnc(1oq5) 2hoc(1oq5) 2ili(1oq5) 2nng(1oq5) 
2nno(1oq5) 2nns(1oq5) 2nnv(1oq5) 2nxr(1oq5) 2nxs(1oq5) 2nxt(1oq5) 
2o4z(1oq5) 4ca2(1oq5) 4cac(1oq5) *5cac(1oq5) *1c5x(1owe) *1c5y(1owe) 
*1c5z(1owe) *1ejn(1owe) *1f5k(1owe) *1f5l(1owe) *1gi7(1owe) 
*1gi8(1owe) *1gi9(1owe) *1gj7(1owe) *1gj8(1owe) *1gj9(1owe) 
*1gja(1owe) *1gjb(1owe) *1gjc(1owe) *1gjd(1owe) *1o3p(1owe) 
*1owd(1owe) *1owh(1owe) *1sc8(1owe) *1sqa(1owe) *1sqo(1owe) 
*1sqt(1owe) *1u6q(1owe) *1vj9(1owe) *1vja(1owe) *1a2c(1oyt) 
*1a46(1oyt) *1a4w(1oyt) 1a5g(1oyt) 1a61(1oyt) *1abj(1oyt) *1ad8(1oyt) 
*1ae8(1oyt) *1afe(1oyt) 1aht(1oyt) *1ay6(1oyt) *1b5g(1oyt) *1ba8(1oyt) 
*1bcu(1oyt) *1c1u(1oyt) *1c1v(1oyt) *1c1w(1oyt) *1c4u(1oyt) *1c5l(1oyt) 
*1c5n(1oyt) *1c5o(1oyt) *1d3d(1oyt) *1d3p(1oyt) *1d4p(1oyt) *1d6w(1oyt) 
*1d9i(1oyt) *1de7(1oyt) 1doj(1oyt) 1dx5(1oyt) *1eb1(1oyt) *1fpc(1oyt) 
*1g30(1oyt) *1g32(1oyt) *1g37(1oyt) *1ghv(1oyt) *1ghw(1oyt) *1ghx(1oyt) 
1ghy(1oyt) *1gj4(1oyt) *1gj5(1oyt) *1h8i(1oyt) 1hag(1oyt) *1hah(1oyt) 
*1hai(1oyt) *1hgt(1oyt) *1hxe(1oyt) *1hxf(1oyt) *1k21(1oyt) *1k22(1oyt) 
*1kts(1oyt) *1ktt(1oyt) *1lhc(1oyt) 1lhd(1oyt) *1lhe(1oyt) *1lhf(1oyt) 
*1lhg(1oyt) *1mu6(1oyt) *1mu8(1oyt) *1mue(1oyt) 1nm6(1oyt) *1no9(1oyt) 
*1nrr(1oyt) *1nt1(1oyt) *1nzq(1oyt) *1o0d(1oyt) *1o2g(1oyt) *1o5g(1oyt) 
*1qbv(1oyt) *1sb1(1oyt) *1sfq(1oyt) 1sg8(1oyt) 1sgi(1oyt) 1shh(1oyt) 
*1sl3(1oyt) *1t4u(1oyt) 1t4v(1oyt) *1ta6(1oyt) *1thr(1oyt) *1ths(1oyt) 
1tmb(1oyt) *1tmu(1oyt) *1tom(1oyt) *1uma(1oyt) *1vr1(1oyt) *1vzq(1oyt) 
*1w7g(1oyt) *1way(1oyt) 1xm1(1oyt) 1xmn(1oyt) *1ype(1oyt) *1ypg(1oyt) 
*1ypj(1oyt) *1ypk(1oyt) *1ypl(1oyt) *1ypm(1oyt) 1z71(1oyt) *1zgi(1oyt) 
*1zgv(1oyt) 1zrb(1oyt) *2a2x(1oyt) *2ank(1oyt) *2anm(1oyt) *2bvr(1oyt) 
*2bvs(1oyt) *2bxt(1oyt) *2c8w(1oyt) *2c8x(1oyt) *2c8y(1oyt) *2c8z(1oyt) 
*2c90(1oyt) *2c93(1oyt) *2cf8(1oyt) *2cf9(1oyt) *2cn0(1oyt) *2feq(1oyt) 
*2fes(1oyt) *2gde(1oyt) 2gp9(1oyt) 2od3(1oyt) *4thn(1oyt) *5gds(1oyt) 
*7kme(1oyt) *8kme(1oyt) *1akd(1p2y) 1cp4(1p2y) 1dz4(1p2y) 1dz6(1p2y) 
1dz8(1p2y) 1dz9(1p2y) 1gek(1p2y) 1gem(1p2y) 1gjm(1p2y) *1iwi(1p2y) 
1iwj(1p2y) *1iwk(1p2y) 1lwl(1p2y) *1noo(1p2y) 1o76(1p2y) 1pha(1p2y) 
*1phc(1p2y) *1phd(1p2y) 1phe(1p2y) 1phf(1p2y) *1phg(1p2y) 1re9(1p2y) 
1t85(1p2y) 1t86(1p2y) 1t87(1p2y) 1t88(1p2y) 1uyu(1p2y) *1yrc(1p2y) 
1yrd(1p2y) 2a1m(1p2y) *2cpp(1p2y) 2h7q(1p2y) 3cp4(1p2y) *4cp4(1p2y) 
*4cpp(1p2y) *5cp4(1p2y) *5cpp(1p2y) *6cpp(1p2y) *7cpp(1p2y) 
8cpp(1p2y) *1p5z(1p62) *1p60(1p62) *1p61(1p62) *2no9(1p62) 
*2noa(1p62) 1jnk(1pmn) *1pmq(1pmn) 1pmv(1pmn) *2o0u(1pmn) 
*1nw4(1q1g) *1j1b(1q41) *1j1c(1q41) *1pyx(1q41) 1q3d(1q41) 
*1q3w(1q41) *1q5k(1q41) *1r0e(1q41) *2ayl(1q4g) *1r54(1r55) 
*1db1(1s19) *1ie8(1s19) *1ie9(1s19) *1s0z(1s19) *1txi(1s19) *2ham(1s19) 
*2har(1s19) *2has(1s19) *2hb7(1s19) *2hb8(1s19) 1dhf(1s3v) 1drf(1s3v) 
*1hfr(1s3v) 1mvs(1s3v) 1mvt(1s3v) 1pd9(1s3v) 1pdb(1s3v) 1s3u(1s3v) 
2dhf(1s3v) 1qr2(1sg0) 1xi2(1sg0) 1zx1(1sg0) 2bzs(1sg0) 2qr2(1sg0) 
2ouz(1sj0) *3ert(1sj0) *1a28(1sqn) *1sr7(1sqn) *1zuc(1sqn) *1s9t(1tt1) 
*1sd3(1tt1) *1u1d(1u1c) *1u1e(1u1c) *1u1f(1u1c) 1y1r(1u1c) 2j0f(1uou) 
1ob3(1v0p) 1v0b(1v0p) 1v0o(1v0p) *1a4g(1vcj) *1a4q(1vcj) 1b9s(1vcj) 
*1b9t(1vcj) *1b9v(1vcj) *1inf(1vcj) *1inv(1vcj) *1ivb(1vcj) *1nsb(1vcj) 
*1nsc(1vcj) *1nsd(1vcj) 1e15(1w1p) 1e6r(1w1p) 1gpf(1w1p) 1h0g(1w1p) 
1h0i(1w1p) 1o6i(1w1p) 1ur8(1w1p) 1w1t(1w1p) 1w1v(1w1p) 1w1y(1w1p) 
*1g3u(1w2g) *1gsi(1w2g) *1mrn(1w2g) *1mrs(1w2g) *1n5i(1w2g) 
*1n5k(1w2g) *1n5l(1w2g) *1w2h(1w2g) *1t9s(1xoz) *1tbf(1xoz) 
*1xp0(1xoz) *2chm(1xoz) 1d0x(1yv3) 1d0y(1yv3) 1d0z(1yv3) 1d1a(1yv3) 
*1f8e(1l7f) *1iny(1l7f) *1mwe(1l7f) *1nca(1l7f) *1ncb(1l7f) 
*1ncc(1l7f) *1nmb(1l7f) *1nmc(1l7f) *1nna(1l7f) *1xoe(1l7f) 
*2b8h(1l7f) *2c4a(1l7f) *2c4l(1l7f) *2qwi(1l7f) *2qwj(1l7f) 
*2qwk(1l7f) *3nn9(1l7f) *4nn9(1l7f) *5nn9(1l7f) *6nn9(1l7f) 
*7nn9(1l7f) *1ezq(1lpz) 1f0r(1lpz) *1f0s(1lpz) 1fjs(1lpz) 1g2l(1lpz) 
*1ksn(1lpz) *1kye(1lpz) 1lpg(1lpz) 1lpk(1lpz) 1mq5(1lpz) *1mq6(1lpz) 
*1nfu(1lpz) *1nfw(1lpz) 1nfx(1lpz) *1nfy(1lpz) 1xka(1lpz) 1xkb(1lpz) 
1z6e(1lpz) 2boh(1lpz) 2bok(1lpz) 2bq7(1lpz) *2fzz(1lpz) 2g00(1lpz) 
*2h9e(1lpz) 2j2u(1lpz) 2j34(1lpz) 2j38(1lpz) *2j4i(1lpz) *2j94(1lpz) 
2j95(1lpz) *2uwl(1lpz) *2uwo(1lpz) 2uwp(1lpz) *1lr5(1lrh) 
1me9(1meh) 1k2r(1mmv) 1k2t(1mmv) 1k2u(1mmv) 1lzx(1mmv) 
1lzz(1mmv) 1m00(1mmv) *1mmw(1mmv) 1om5(1mmv) 1p6h(1mmv) 
1p6i(1mmv) 1p6j(1mmv) 1qw6(1mmv) 1qwc(1mmv) 1rs6(1mmv) 
1rs7(1mmv) 1vag(1mmv) 1zvi(1mmv) 2hx3(1mmv) 2hx4(1mmv) 
*1nu6(1n1m) *1nu8(1n1m) *1pfq(1n1m) *1rwq(1n1m) *1tk3(1n1m) 
*1x70(1n1m) *2ajl(1n1m) *2fjp(1n1m) *2g5p(1n1m) *2g5t(1n1m) 
*2hha(1n1m) *2iit(1n1m) *2iiv(1n1m) *2ogz(1n1m) *2oph(1n1m) 
*2p8s(1n1m) *1enu(1n2v) *1f3e(1n2v) *1k4g(1n2v) *1k4h(1n2v) 
*1p0b(1n2v) 1p0d(1n2v) *1p0e(1n2v) *1pud(1n2v) *1q63(1n2v) 
1q65(1n2v) 1r5y(1n2v) 1s38(1n2v) 1s39(1n2v) 1y5x(1n2v) *2bbf(1n2v) 
*1e2i(1of1) *1e2k(1of1) *2f4j(1opk) *2fo0(1opk) *2g2h(1opk) 
*2hiw(1opk) *2hyy(1opk) *2hzi(1opk) 1a42(1oq5) 1am6(1oq5) 
1avn(1oq5) 1bcd(1oq5) 1bn1(1oq5) 1bn3(1oq5) 1bn4(1oq5) 1bnn(1oq5) 
1bnq(1oq5) 1bnt(1oq5) 1bnu(1oq5) 1bnv(1oq5) 1bnw(1oq5) 1bv3(1oq5) 
1ca2(1oq5) 1ca3(1oq5) 1cao(1oq5) 1cay(1oq5) 1cil(1oq5) 1cim(1oq5) 
1cin(1oq5) 1cng(1oq5) 1cnw(1oq5) 1cnx(1oq5) 1cny(1oq5) 1cra(1oq5) 
1eou(1oq5) 1f2w(1oq5) 1fql(1oq5) 1fqm(1oq5) 1g0e(1oq5) 1g0f(1oq5) 
1g1d(1oq5) 1g52(1oq5) 1g53(1oq5) 1g54(1oq5) 1hca(1oq5) 1i8z(1oq5) 
1i90(1oq5) 1i91(1oq5) 1if4(1oq5) 1if5(1oq5) 1if6(1oq5) 1if7(1oq5) 
1if8(1oq5) 1if9(1oq5) 1kwr(1oq5) 1lug(1oq5) 1lzv(1oq5) 1moo(1oq5) 
1okl(1oq5) 1okm(1oq5) *1okn(1oq5) 1ray(1oq5) 1raz(1oq5) 1t9n(1oq5) 
1tb0(1oq5) 1tbt(1oq5) 1te3(1oq5) 1teq(1oq5) 1teu(1oq5) 1ttm(1oq5) 
1ugb(1oq5) 1ugd(1oq5) 1ugg(1oq5) 1xeg(1oq5) 1xev(1oq5) 1xpz(1oq5) 
1xq0(1oq5) 1z9y(1oq5) 1ze8(1oq5) 1zfk(1oq5) 1zfq(1oq5) 1zge(1oq5) 
1zgf(1oq5) 1zh9(1oq5) 1zsb(1oq5) 1zsc(1oq5) 2aw1(1oq5) 2ax2(1oq5) 
2ca2(1oq5) 2cba(1oq5) 2cbb(1oq5) 2cbc(1oq5) 2cbd(1oq5) 2eu2(1oq5) 
2eu3(1oq5) 2ez7(1oq5) 2f14(1oq5) 2fmz(1oq5) 2fnk(1oq5) 2fnm(1oq5) 
2fnn(1oq5) 2foq(1oq5) 2fos(1oq5) 2fov(1oq5) 2gd8(1oq5) 2geh(1oq5) 
2h15(1oq5) 2hd6(1oq5) 2hkk(1oq5) 2hl4(1oq5) 2hnc(1oq5) 2hoc(1oq5) 
2ili(1oq5) 2nng(1oq5) 2nno(1oq5) 2nns(1oq5) 2nnv(1oq5) 2nxr(1oq5) 
2nxs(1oq5) 2nxt(1oq5) 2o4z(1oq5) 4ca2(1oq5) 4cac(1oq5) *5cac(1oq5) 
*1c5x(1owe) *1c5y(1owe) *1c5z(1owe) *1ejn(1owe) *1f5k(1owe) 
*1f5l(1owe) *1gi7(1owe) *1gi8(1owe) *1gi9(1owe) *1gj7(1owe) 
*1gj8(1owe) *1gj9(1owe) *1gja(1owe) *1gjb(1owe) *1gjc(1owe) 
*1gjd(1owe) *1o3p(1owe) *1owd(1owe) *1owh(1owe) *1sc8(1owe) 
*1sqa(1owe) *1sqo(1owe) *1sqt(1owe) *1u6q(1owe) *1vj9(1owe) 
*1vja(1owe) *1a2c(1oyt) *1a46(1oyt) *1a4w(1oyt) 1a5g(1oyt) 
1a61(1oyt) *1abj(1oyt) *1ad8(1oyt) *1ae8(1oyt) *1afe(1oyt) 1aht(1oyt) 
*1ay6(1oyt) *1b5g(1oyt) *1ba8(1oyt) *1bcu(1oyt) *1c1u(1oyt) 
*1c1v(1oyt) *1c1w(1oyt) *1c4u(1oyt) *1c5l(1oyt) *1c5n(1oyt) 
*1c5o(1oyt) *1d3d(1oyt) *1d3p(1oyt) *1d4p(1oyt) *1d6w(1oyt) 
*1d9i(1oyt) *1de7(1oyt) 1doj(1oyt) 1dx5(1oyt) *1eb1(1oyt) *1fpc(1oyt) 
*1g30(1oyt) *1g32(1oyt) *1g37(1oyt) *1ghv(1oyt) *1ghw(1oyt) 
*1ghx(1oyt) 1ghy(1oyt) *1gj4(1oyt) *1gj5(1oyt) *1h8i(1oyt) 1hag(1oyt) 
*1hah(1oyt) *1hai(1oyt) *1hgt(1oyt) *1hxf(1oyt) *1k21(1oyt) 
*1k22(1oyt) *1kts(1oyt) *1ktt(1oyt) *1lhc(1oyt) 1lhd(1oyt) *1lhe(1oyt) 
*1lhf(1oyt) *1lhg(1oyt) *1mu6(1oyt) *1mu8(1oyt) *1mue(1oyt) 
1nm6(1oyt) *1no9(1oyt) *1nrr(1oyt) *1nt1(1oyt) *1nzq(1oyt) 
*1o0d(1oyt) *1o2g(1oyt) *1o5g(1oyt) *1qbv(1oyt) *1sb1(1oyt) 
*1sfq(1oyt) 1sg8(1oyt) 1sgi(1oyt) 1shh(1oyt) *1sl3(1oyt) *1t4u(1oyt) 
1t4v(1oyt) *1ta6(1oyt) *1thr(1oyt) *1ths(1oyt) 1tmb(1oyt) *1tmu(1oyt) 
*1tom(1oyt) *1uma(1oyt) *1vr1(1oyt) *1vzq(1oyt) *1w7g(1oyt) 
*1way(1oyt) 1xm1(1oyt) 1xmn(1oyt) *1ype(1oyt) *1ypg(1oyt) 
*1ypj(1oyt) *1ypk(1oyt) *1ypl(1oyt) *1ypm(1oyt) 1z71(1oyt) 
*1zgi(1oyt) *1zgv(1oyt) 1zrb(1oyt) *2a2x(1oyt) *2ank(1oyt) 
*2anm(1oyt) *2bvr(1oyt) *2bvs(1oyt) *2bxt(1oyt) *2c8w(1oyt) 
*2c8x(1oyt) *2c8y(1oyt) *2c8z(1oyt) *2c90(1oyt) *2c93(1oyt) 
*2cf8(1oyt) *2cf9(1oyt) *2cn0(1oyt) *2feq(1oyt) *2fes(1oyt) 
*2gde(1oyt) 2gp9(1oyt) 2od3(1oyt) *4thn(1oyt) *5gds(1oyt) 
*7kme(1oyt) *8kme(1oyt) *1akd(1p2y) 1cp4(1p2y) 1dz4(1p2y) 
1dz6(1p2y) 1dz8(1p2y) 1dz9(1p2y) 1gek(1p2y) 1gem(1p2y) 1gjm(1p2y) 
*1iwi(1p2y) 1iwj(1p2y) *1iwk(1p2y) 1lwl(1p2y) *1noo(1p2y) 
1o76(1p2y) 1pha(1p2y) *1phc(1p2y) *1phd(1p2y) 1phe(1p2y) 
1phf(1p2y) *1phg(1p2y) 1re9(1p2y) 1t85(1p2y) 1t86(1p2y) 1t87(1p2y) 
1t88(1p2y) *1yrc(1p2y) 1yrd(1p2y) 2a1m(1p2y) *2cpp(1p2y) 
2h7q(1p2y) 3cp4(1p2y) *4cp4(1p2y) *4cpp(1p2y) *5cp4(1p2y) 
*5cpp(1p2y) *6cpp(1p2y) *7cpp(1p2y) 8cpp(1p2y) *1p5z(1p62) 
*1p60(1p62) *1p61(1p62) *2no9(1p62) *2noa(1p62) *1s9t(1tt1) 
*1sd3(1tt1) *1u1d(1u1c) *1u1e(1u1c) *1u1f(1u1c) 2j0f(1uou) 
1ob3(1v0p) 1v0b(1v0p) 1v0o(1v0p) *1a4g(1vcj) *1a4q(1vcj) 1b9s(1vcj) 
*1b9t(1vcj) *1b9v(1vcj) *1inf(1vcj) *1inv(1vcj) *1ivb(1vcj) 
*1nsb(1vcj) *1nsc(1vcj) *1nsd(1vcj) 1e15(1w1p) 1e6r(1w1p) 
1gpf(1w1p) 1h0g(1w1p) 1h0i(1w1p) 1o6i(1w1p) 1ur8(1w1p) 
1w1t(1w1p) 1w1v(1w1p) 1w1y(1w1p) *1g3u(1w2g) *1gsi(1w2g) 
*1mrn(1w2g) *1mrs(1w2g) *1n5i(1w2g) *1n5k(1w2g) *1n5l(1w2g) 
*1w2h(1w2g) *1t9s(1xoz) *1tbf(1xoz) *1xp0(1xoz) *2chm(1xoz) 
1fmv(1yv3) 1fmw(1yv3) 1jwy(1yv3) 1jx2(1yv3) 1mma(1yv3) 
1mmg(1yv3) 1mmn(1yv3) *1nb4(1yvf) 2ax8(1z95) *1byq(2bsm) 
1osf(2bsm) 1uy6(2bsm) 1uy7(2bsm) 1uy8(2bsm) 1uy9(2bsm) 
1uyc(2bsm) 1uyd(2bsm) 1uye(2bsm) 1uyf(2bsm) 1uyg(2bsm) 
1uyh(2bsm) 1uyi(2bsm) 1uyk(2bsm) 1uyl(2bsm) *1yc1(2bsm) 
*1yc3(2bsm) *1yc4(2bsm) 1yer(2bsm) *1yes(2bsm) 1yet(2bsm) 
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1d1b(1yv3) 1d1c(1yv3) 1fmv(1yv3) 1fmw(1yv3) 1jwy(1yv3) 1jx2(1yv3) 
1lvk(1yv3) 1mma(1yv3) 1mmd(1yv3) 1mmg(1yv3) 1mmn(1yv3) 
1vom(1yv3) *1nb4(1yvf) 2ax8(1z95) 1ia8(2br1) 1nvq(2br1) 1nvr(2br1) 
1nvs(2br1) 1zlt(2br1) 1zys(2br1) 2brb(2br1) 2brg(2br1) 2brh(2br1) 
2brm(2br1) 2bro(2br1) 2c3l(2br1) 2cgu(2br1) 2cgw(2br1) 2cgx(2br1) 
2hog(2br1) *1byq(2bsm) 1osf(2bsm) 1uy6(2bsm) 1uy7(2bsm) 1uy8(2bsm) 
1uy9(2bsm) 1uyc(2bsm) 1uyd(2bsm) 1uye(2bsm) 1uyf(2bsm) 1uyg(2bsm) 
1uyh(2bsm) 1uyi(2bsm) 1uyk(2bsm) 1uyl(2bsm) *1yc1(2bsm) *1yc3(2bsm) 
*1yc4(2bsm) 1yer(2bsm) *1yes(2bsm) 1yet(2bsm) 2bt0(2bsm) *2byh(2bsm) 
2byi(2bsm) *2bz5(2bsm) *2ccs(2bsm) *2cct(2bsm) 2cdd(2bsm) 2fwy(2bsm) 
2fwz(2bsm) 2h55(2bsm) 2uwd(2bsm) 
2bt0(2bsm) *2byh(2bsm) 2byi(2bsm) *2bz5(2bsm) *2ccs(2bsm) 
*2cct(2bsm) 2cdd(2bsm) 2fwy(2bsm) 2fwz(2bsm) 2h55(2bsm) 
2uwd(2bsm) 
Vina 
1fxh(1gm8) 1fxv(1gm8) 1gkf(1gm8) 1gm7(1gm8) 1dx6(1gpk) *1e66(1gpk) 
1ea5(1gpk) 1eve(1gpk) *1gpn(1gpk) *1h22(1gpk) *1h23(1gpk) 1jjb(1gpk) 
1odc(1gpk) 1qid(1gpk) 1qie(1gpk) 1qif(1gpk) *1qig(1gpk) *1qih(1gpk) 
1qti(1gpk) *1ut6(1gpk) 1vot(1gpk) 1vxr(1gpk) 1w4l(1gpk) *1w6r(1gpk) 
1w75(1gpk) 1zgb(1gpk) 1zgc(1gpk) *2ack(1gpk) *2c5g(1gpk) *2cek(1gpk) 
*2ckm(1gpk) *2cmf(1gpk) *1yz3(1hnn) *2an3(1hnn) 2an4(1hnn) 
*2an5(1hnn) *2g71(1hnn) *2g8n(1hnn) *2ff1(1hp0) *1q0n(1hq2) 
*1hty(1hww) 1hxk(1hww) 1ps3(1hww) 1r33(1hww) 1r34(1hww) 
1tqs(1hww) 1tqt(1hww) 1tqu(1hww) 1tqv(1hww) 1tqw(1hww) 2alw(1hww) 
2f18(1hww) 2f1a(1hww) 2f1b(1hww) 2f7o(1hww) 2f7p(1hww) 2f7q(1hww) 
2f7r(1hww) 2fyv(1hww) *2f17(1ig3) 1dd6(1jje) *1jjt(1jje) 1jkh(1jla) 
1a50(1k3u) 1c29(1k3u) 1c8v(1k3u) 1c9d(1k3u) 1cw2(1k3u) 1cx9(1k3u) 
1fuy(1k3u) *1qop(1k3u) *1tjp(1k3u) 1wbj(1k3u) *2trs(1k3u) 2tsy(1k3u) 
1aq1(1ke5) 1b38(1ke5) *1b39(1ke5) *1ckp(1ke5) 1di8(1ke5) 1e1v(1ke5) 
1e1x(1ke5) *1e9h(1ke5) *1fin(1ke5) 1fvt(1ke5) 1gz8(1ke5) *1h00(1ke5) 
1h08(1ke5) 1h0v(1ke5) 1h0w(1ke5) 1h1p(1ke5) 1h1q(1ke5) *1h1r(1ke5) 
*1h1s(1ke5) *1h24(1ke5) 1h25(1ke5) 1h26(1ke5) 1h27(1ke5) 1hck(1ke5) 
1hcl(1ke5) 1jsv(1ke5) *1ke6(1ke5) *1ke7(1ke5) *1ke8(1ke5) *1ke9(1ke5) 
1oi9(1ke5) 1oiq(1ke5) 1oit(1ke5) *1oiu(1ke5) *1oiy(1ke5) 1okv(1ke5) 
1okw(1ke5) 1p2a(1ke5) 1p5e(1ke5) *1pkd(1ke5) 1pw2(1ke5) 1pxi(1ke5) 
1pxj(1ke5) *1pxl(1ke5) 1qmz(1ke5) *1urw(1ke5) *1v1k(1ke5) 1vyz(1ke5) 
1w0x(1ke5) 1w8c(1ke5) 1w98(1ke5) 1wcc(1ke5) 1y8y(1ke5) *1y91(1ke5) 
1ykr(1ke5) 2a0c(1ke5) *2a4l(1ke5) 2b52(1ke5) *2b53(1ke5) 2b54(1ke5) 
2btr(1ke5) *2c5n(1ke5) *2c5o(1ke5) *2c5p(1ke5) 2c5y(1ke5) 2c69(1ke5) 
2c6i(1ke5) 2c6k(1ke5) 2c6l(1ke5) 2c6o(1ke5) 2cch(1ke5) *2cjm(1ke5) 
2clx(1ke5) *2duv(1ke5) 2exm(1ke5) *2fvd(1ke5) *2g9x(1ke5) *2uue(1ke5) 
1a8g(1kzk) *1a8k(1kzk) *1a94(1kzk) 1aaq(1kzk) 1aid(1kzk) *1ajv(1kzk) 
1ajx(1kzk) *1b6j(1kzk) 1b6k(1kzk) *1b6l(1kzk) 1b6m(1kzk) *1b6p(1kzk) 
1c70(1kzk) *1cpi(1kzk) *1d4h(1kzk) *1d4i(1kzk) *1d4j(1kzk) 1d4k(1kzk) 
*1d4l(1kzk) 1d4y(1kzk) *1dmp(1kzk) 1dw6(1kzk) *1ebw(1kzk) *1eby(1kzk) 
*1ebz(1kzk) 1ec0(1kzk) *1ec1(1kzk) *1ec2(1kzk) *1ec3(1kzk) 1fej(1kzk) 
1fg6(1kzk) 1fg8(1kzk) 1fgc(1kzk) 1g2k(1kzk) 1g35(1kzk) 1gno(1kzk) 
1hbv(1kzk) *1hos(1kzk) *1hpo(1kzk) *1hps(1kzk) *1hpv(1kzk) *1hpx(1kzk) 
*1hsg(1kzk) *1htf(1kzk) *1hvh(1kzk) 1hvi(1kzk) 1hvj(1kzk) *1hvk(1kzk) 
1hvl(1kzk) *1hwr(1kzk) 1hxb(1kzk) *1hxw(1kzk) 1iiq(1kzk) *1izh(1kzk) 
1k2b(1kzk) 1m0b(1kzk) *1mrw(1kzk) 1msm(1kzk) *1nh0(1kzk) 1npa(1kzk) 
1npv(1kzk) 1npw(1kzk) *1odw(1kzk) *1ody(1kzk) *1ohr(1kzk) *1pro(1kzk) 
1qbr(1kzk) *1qbs(1kzk) *1qbt(1kzk) *1qbu(1kzk) *1sbg(1kzk) 1sdt(1kzk) 
*1sdu(1kzk) *1t3r(1kzk) 1t7k(1kzk) *1u8g(1kzk) *1vij(1kzk) 1vik(1kzk) 
*1w5v(1kzk) *1w5w(1kzk) *1w5x(1kzk) *1w5y(1kzk) *1wbk(1kzk) 
*1wbm(1kzk) 1xl2(1kzk) 1xl5(1kzk) *1yth(1kzk) *1z1h(1kzk) *1z1r(1kzk) 
1zsf(1kzk) 1zsr(1kzk) *2a1e(1kzk) 2a4f(1kzk) 2aid(1kzk) 2aod(1kzk) 
2aoi(1kzk) *2aoj(1kzk) *2aqu(1kzk) 2avm(1kzk) *2avo(1kzk) 2avv(1kzk) 
*2bb9(1kzk) 2bbb(1kzk) *2bpv(1kzk) *2bpy(1kzk) *2bpz(1kzk) 
*2bqv(1kzk) *2cej(1kzk) 2cem(1kzk) *2cen(1kzk) 2f3k(1kzk) *2f81(1kzk) 
*2fxe(1kzk) 2hb3(1kzk) *2hs2(1kzk) *2i0a(1kzk) *2i0d(1kzk) 2ien(1kzk) 
*2nmw(1kzk) *2o4k(1kzk) 2o4p(1kzk) *2o4s(1kzk) *2p3b(1kzk) 
*2p3c(1kzk) 2pk5(1kzk) 2pk6(1kzk) *2psu(1kzk) *2psv(1kzk) *3aid(1kzk) 
*4hvp(1kzk) 4phv(1kzk) *7hvp(1kzk) 7upj(1kzk) *8hvp(1kzk) *1fco(1l2s) 
1iel(1l2s) 1ke4(1l2s) 1kvm(1l2s) *1ll5(1l2s) 1ll9(1l2s) *1llb(1l2s) 
*1xgi(1l2s) *1xgj(1l2s) *2bls(1l2s) *2hdq(1l2s) *2hdr(1l2s) 2hdu(1l2s) 
*1a14(1l7f) *1f8b(1l7f) *1f8c(1l7f) *1f8d(1l7f) *1f8e(1l7f) *1iny(1l7f) 
*1mwe(1l7f) *1nca(1l7f) 1ncb(1l7f) *1ncc(1l7f) *1nmb(1l7f) 1nmc(1l7f) 
*1nna(1l7f) *1xoe(1l7f) *2b8h(1l7f) *2c4a(1l7f) *2c4l(1l7f) *2qwi(1l7f) 
*2qwj(1l7f) *2qwk(1l7f) *3nn9(1l7f) *4nn9(1l7f) *5nn9(1l7f) *6nn9(1l7f) 
*7nn9(1l7f) *1ezq(1lpz) *1f0r(1lpz) *1f0s(1lpz) *1fjs(1lpz) *1g2l(1lpz) 
*1ksn(1lpz) *1kye(1lpz) *1lpg(1lpz) *1lpk(1lpz) *1mq5(1lpz) *1mq6(1lpz) 
*1nfu(1lpz) *1nfw(1lpz) *1nfx(1lpz) *1nfy(1lpz) *1xka(1lpz) *1xkb(1lpz) 
*1z6e(1lpz) *2boh(1lpz) *2bok(1lpz) *2bq7(1lpz) *2fzz(1lpz) *2g00(1lpz) 
*2h9e(1lpz) *2j2u(1lpz) *2j34(1lpz) *2j38(1lpz) *2j4i(1lpz) *2j94(1lpz) 
*2j95(1lpz) *2uwl(1lpz) *2uwo(1lpz) *2uwp(1lpz) *1lr5(1lrh) 1me9(1meh) 
*1k2r(1mmv) *1k2t(1mmv) *1k2u(1mmv) *1lzx(1mmv) *1lzz(1mmv) 
*1m00(1mmv) *1mmw(1mmv) *1om5(1mmv) *1p6h(1mmv) *1p6i(1mmv) 
*1p6j(1mmv) *1qw6(1mmv) *1qwc(1mmv) *1rs6(1mmv) *1rs7(1mmv) 
*1vag(1mmv) *1zvi(1mmv) *2hx3(1mmv) *2hx4(1mmv) *1jcq(1mzc) 
1kzo(1mzc) 1ld7(1mzc) *1ld8(1mzc) 1o5m(1mzc) 1s63(1mzc) 1sa4(1mzc) 
1nu6(1n1m) 1nu8(1n1m) 1pfq(1n1m) 1rwq(1n1m) 1tk3(1n1m) *1x70(1n1m) 
2ajl(1n1m) *2fjp(1n1m) 2g5p(1n1m) 2g5t(1n1m) 2hha(1n1m) *2iit(1n1m) 
*2iiv(1n1m) *2ogz(1n1m) 2oph(1n1m) 2p8s(1n1m) 1mop(1n2j) 1n2b(1n2j) 
1n2e(1n2j) 1n2g(1n2j) *1n2h(1n2j) 1n2i(1n2j) 2a86(1n2j) 1enu(1n2v) 
1f3e(1n2v) 1k4g(1n2v) 1k4h(1n2v) 1p0b(1n2v) 1p0d(1n2v) 1p0e(1n2v) 
1pud(1n2v) 1q63(1n2v) 1q65(1n2v) 1r5y(1n2v) 1s38(1n2v) 1s39(1n2v) 
*1y5x(1n2v) *2bbf(1n2v) *1e2i(1of1) *1e2k(1of1) *2f4j(1opk) *2fo0(1opk) 
*2g2h(1opk) *2hiw(1opk) *2hyy(1opk) *2hzi(1opk) 1a42(1oq5) 1am6(1oq5) 
1avn(1oq5) 1bcd(1oq5) 1bn1(1oq5) 1bn3(1oq5) 1bn4(1oq5) 1bnn(1oq5) 
1bnq(1oq5) *1bnt(1oq5) 1bnu(1oq5) 1bnv(1oq5) 1bnw(1oq5) 1bv3(1oq5) 
*1ca2(1oq5) 1ca3(1oq5) 1cao(1oq5) 1cay(1oq5) *1cil(1oq5) 1cim(1oq5) 
1cin(1oq5) 1cng(1oq5) *1cnw(1oq5) *1cnx(1oq5) 1cny(1oq5) 1cra(1oq5) 
*1eou(1oq5) 1f2w(1oq5) 1fql(1oq5) 1fqm(1oq5) *1g0e(1oq5) 1g0f(1oq5) 
1g1d(1oq5) 1g52(1oq5) 1g53(1oq5) 1g54(1oq5) 1hca(1oq5) 1i8z(1oq5) 
1dx6(1gpk) *1e66(1gpk) 1ea5(1gpk) 1eve(1gpk) *1gpn(1gpk) 
*1h22(1gpk) *1h23(1gpk) 1jjb(1gpk) 1odc(1gpk) 1qid(1gpk) 1qie(1gpk) 
1qif(1gpk) *1qig(1gpk) *1qih(1gpk) 1qti(1gpk) *1ut6(1gpk) 1vot(1gpk) 
1vxr(1gpk) 1w4l(1gpk) *1w6r(1gpk) 1w75(1gpk) 1zgb(1gpk) 
1zgc(1gpk) *2ack(1gpk) *2c5g(1gpk) *2cek(1gpk) *2ckm(1gpk) 
*2cmf(1gpk) *1yz3(1hnn) *2an3(1hnn) 2an4(1hnn) *2an5(1hnn) 
*2g71(1hnn) *2g8n(1hnn) *2ff1(1hp0) *1q0n(1hq2) *1hty(1hww) 
1hxk(1hww) 1ps3(1hww) 1r33(1hww) 1r34(1hww) 1tqs(1hww) 
1tqt(1hww) 1tqu(1hww) 1tqv(1hww) 1tqw(1hww) 2alw(1hww) 
2f18(1hww) 2f1a(1hww) 2f1b(1hww) 2f7o(1hww) 2f7p(1hww) 
2f7q(1hww) 2f7r(1hww) 1dd6(1jje) *1jjt(1jje) 1jkh(1jla) 1a50(1k3u) 
1c29(1k3u) 1c8v(1k3u) 1c9d(1k3u) 1cw2(1k3u) 1cx9(1k3u) 1fuy(1k3u) 
*1qop(1k3u) *1tjp(1k3u) 1wbj(1k3u) *2trs(1k3u) 2tsy(1k3u) 1aq1(1ke5) 
1b38(1ke5) *1b39(1ke5) *1ckp(1ke5) 1di8(1ke5) 1e1v(1ke5) 
1e1x(1ke5) *1e9h(1ke5) *1fin(1ke5) 1fvt(1ke5) 1gz8(1ke5) 
*1h00(1ke5) 1h08(1ke5) 1h0v(1ke5) 1h0w(1ke5) 1h1p(1ke5) 
1h1q(1ke5) *1h1r(1ke5) *1h1s(1ke5) *1h24(1ke5) 1h25(1ke5) 
1h26(1ke5) 1h27(1ke5) 1hck(1ke5) 1hcl(1ke5) 1jsv(1ke5) *1ke6(1ke5) 
*1ke7(1ke5) *1ke8(1ke5) *1ke9(1ke5) 1oi9(1ke5) 1oiq(1ke5) 1oit(1ke5) 
*1oiu(1ke5) *1oiy(1ke5) 1okv(1ke5) 1okw(1ke5) 1p2a(1ke5) 
1p5e(1ke5) *1pkd(1ke5) 1pw2(1ke5) 1pxi(1ke5) 1pxj(1ke5) 
*1pxl(1ke5) 1qmz(1ke5) *1urw(1ke5) *1v1k(1ke5) 1vyz(1ke5) 
1w0x(1ke5) 1w8c(1ke5) 1w98(1ke5) 1wcc(1ke5) 1y8y(1ke5) 
*1y91(1ke5) 1ykr(1ke5) 2a0c(1ke5) *2a4l(1ke5) 2b52(1ke5) 
*2b53(1ke5) 2b54(1ke5) 2btr(1ke5) *2c5n(1ke5) *2c5o(1ke5) 
*2c5p(1ke5) 2c5y(1ke5) 2c69(1ke5) 2c6i(1ke5) 2c6k(1ke5) 2c6l(1ke5) 
2c6o(1ke5) 2cch(1ke5) *2cjm(1ke5) 2clx(1ke5) *2duv(1ke5) 
2exm(1ke5) *2fvd(1ke5) *2g9x(1ke5) *2uue(1ke5) *1fco(1l2s) 
1iel(1l2s) 1ke4(1l2s) 1kvm(1l2s) *1ll5(1l2s) 1ll9(1l2s) *1llb(1l2s) 
*1xgi(1l2s) *1xgj(1l2s) *2bls(1l2s) *2hdq(1l2s) *2hdr(1l2s) 2hdu(1l2s) 
*1a14(1l7f) *1f8b(1l7f) *1f8c(1l7f) *1f8d(1l7f) *1f8e(1l7f) *1iny(1l7f) 
*1mwe(1l7f) *1nca(1l7f) 1ncb(1l7f) *1ncc(1l7f) *1nmb(1l7f) 
1nmc(1l7f) *1nna(1l7f) *1xoe(1l7f) *2b8h(1l7f) *2c4a(1l7f) *2c4l(1l7f) 
*2qwi(1l7f) *2qwj(1l7f) *2qwk(1l7f) *3nn9(1l7f) *4nn9(1l7f) 
*5nn9(1l7f) *6nn9(1l7f) *7nn9(1l7f) *1ezq(1lpz) *1f0r(1lpz) 
*1f0s(1lpz) *1fjs(1lpz) *1g2l(1lpz) *1ksn(1lpz) *1kye(1lpz) *1lpg(1lpz) 
*1lpk(1lpz) *1mq5(1lpz) *1mq6(1lpz) *1nfu(1lpz) *1nfw(1lpz) 
*1nfx(1lpz) *1nfy(1lpz) *1xka(1lpz) *1xkb(1lpz) *1z6e(1lpz) 
*2boh(1lpz) *2bok(1lpz) *2bq7(1lpz) *2fzz(1lpz) *2g00(1lpz) 
*2h9e(1lpz) *2j2u(1lpz) *2j34(1lpz) *2j38(1lpz) *2j4i(1lpz) *2j94(1lpz) 
*2j95(1lpz) *2uwl(1lpz) *2uwo(1lpz) *2uwp(1lpz) *1lr5(1lrh) 
1me9(1meh) *1k2r(1mmv) *1k2t(1mmv) *1k2u(1mmv) *1lzx(1mmv) 
*1lzz(1mmv) *1m00(1mmv) *1mmw(1mmv) *1om5(1mmv) 
*1p6h(1mmv) *1p6i(1mmv) *1p6j(1mmv) *1qw6(1mmv) 
*1qwc(1mmv) *1rs6(1mmv) *1rs7(1mmv) *1vag(1mmv) *1zvi(1mmv) 
*2hx3(1mmv) *2hx4(1mmv) 1nu6(1n1m) 1nu8(1n1m) 1pfq(1n1m) 
1rwq(1n1m) 1tk3(1n1m) *1x70(1n1m) 2ajl(1n1m) *2fjp(1n1m) 
2g5p(1n1m) 2g5t(1n1m) 2hha(1n1m) *2iit(1n1m) *2iiv(1n1m) 
*2ogz(1n1m) 2oph(1n1m) 2p8s(1n1m) 1enu(1n2v) 1f3e(1n2v) 
1k4g(1n2v) 1k4h(1n2v) 1p0b(1n2v) 1p0d(1n2v) 1p0e(1n2v) 1pud(1n2v) 
1q63(1n2v) 1q65(1n2v) 1r5y(1n2v) 1s38(1n2v) 1s39(1n2v) *1y5x(1n2v) 
*2bbf(1n2v) *1e2i(1of1) *1e2k(1of1) *2f4j(1opk) *2fo0(1opk) 
*2g2h(1opk) *2hiw(1opk) *2hyy(1opk) *2hzi(1opk) 1a42(1oq5) 
1am6(1oq5) 1avn(1oq5) 1bcd(1oq5) 1bn1(1oq5) 1bn3(1oq5) 1bn4(1oq5) 
1bnn(1oq5) 1bnq(1oq5) *1bnt(1oq5) 1bnu(1oq5) 1bnv(1oq5) 
1bnw(1oq5) 1bv3(1oq5) *1ca2(1oq5) 1ca3(1oq5) 1cao(1oq5) 
1cay(1oq5) *1cil(1oq5) 1cim(1oq5) 1cin(1oq5) 1cng(1oq5) 
*1cnw(1oq5) *1cnx(1oq5) 1cny(1oq5) 1cra(1oq5) *1eou(1oq5) 
1f2w(1oq5) 1fql(1oq5) 1fqm(1oq5) *1g0e(1oq5) 1g0f(1oq5) 1g1d(1oq5) 
1g52(1oq5) 1g53(1oq5) 1g54(1oq5) 1hca(1oq5) 1i8z(1oq5) 1i90(1oq5) 
1i91(1oq5) 1if4(1oq5) 1if5(1oq5) 1if6(1oq5) 1if7(1oq5) 1if8(1oq5) 
1if9(1oq5) 1kwr(1oq5) *1lug(1oq5) 1lzv(1oq5) 1moo(1oq5) 1okl(1oq5) 
*1okm(1oq5) 1okn(1oq5) 1ray(1oq5) 1raz(1oq5) 1t9n(1oq5) 1tb0(1oq5) 
1tbt(1oq5) 1te3(1oq5) 1teq(1oq5) *1teu(1oq5) *1ttm(1oq5) 1ugb(1oq5) 
1ugd(1oq5) 1ugg(1oq5) 1xeg(1oq5) *1xev(1oq5) *1xpz(1oq5) 
*1xq0(1oq5) 1z9y(1oq5) 1ze8(1oq5) *1zfk(1oq5) 1zfq(1oq5) 
1zge(1oq5) 1zgf(1oq5) *1zh9(1oq5) *1zsb(1oq5) *1zsc(1oq5) 
2aw1(1oq5) 2ax2(1oq5) 2ca2(1oq5) 2cba(1oq5) 2cbb(1oq5) 2cbc(1oq5) 
*2cbd(1oq5) 2eu2(1oq5) 2eu3(1oq5) 2ez7(1oq5) *2f14(1oq5) 
2fmz(1oq5) 2fnk(1oq5) 2fnm(1oq5) *2fnn(1oq5) 2foq(1oq5) 
*2fos(1oq5) 2fov(1oq5) 2gd8(1oq5) 2geh(1oq5) 2h15(1oq5) 2hd6(1oq5) 
2hkk(1oq5) 2hl4(1oq5) 2hnc(1oq5) 2hoc(1oq5) 2ili(1oq5) 2nng(1oq5) 
2nno(1oq5) *2nns(1oq5) *2nnv(1oq5) *2nxr(1oq5) 2nxs(1oq5) 
*2nxt(1oq5) 2o4z(1oq5) 4ca2(1oq5) 4cac(1oq5) *5cac(1oq5) 
1c5x(1owe) *1c5y(1owe) *1c5z(1owe) 1ejn(1owe) 1f5k(1owe) 
*1f5l(1owe) *1gi7(1owe) 1gi8(1owe) 1gi9(1owe) 1gj7(1owe) 
*1gj8(1owe) 1gj9(1owe) 1gja(1owe) 1gjb(1owe) 1gjc(1owe) 
*1gjd(1owe) *1o3p(1owe) *1owd(1owe) *1owh(1owe) 1sc8(1owe) 
*1sqa(1owe) *1sqo(1owe) *1sqt(1owe) *1u6q(1owe) 1vj9(1owe) 
1vja(1owe) *1a2c(1oyt) *1a46(1oyt) *1a4w(1oyt) *1a5g(1oyt) 
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1i90(1oq5) 1i91(1oq5) 1if4(1oq5) 1if5(1oq5) 1if6(1oq5) 1if7(1oq5) 
1if8(1oq5) 1if9(1oq5) 1kwr(1oq5) *1lug(1oq5) 1lzv(1oq5) 1moo(1oq5) 
1okl(1oq5) *1okm(1oq5) 1okn(1oq5) 1ray(1oq5) 1raz(1oq5) 1t9n(1oq5) 
1tb0(1oq5) 1tbt(1oq5) 1te3(1oq5) 1teq(1oq5) *1teu(1oq5) *1ttm(1oq5) 
1ugb(1oq5) 1ugd(1oq5) 1ugg(1oq5) 1xeg(1oq5) *1xev(1oq5) *1xpz(1oq5) 
*1xq0(1oq5) 1z9y(1oq5) 1ze8(1oq5) *1zfk(1oq5) 1zfq(1oq5) 1zge(1oq5) 
1zgf(1oq5) *1zh9(1oq5) *1zsb(1oq5) *1zsc(1oq5) 2aw1(1oq5) 2ax2(1oq5) 
2ca2(1oq5) 2cba(1oq5) 2cbb(1oq5) 2cbc(1oq5) *2cbd(1oq5) 2eu2(1oq5) 
2eu3(1oq5) 2ez7(1oq5) *2f14(1oq5) 2fmz(1oq5) 2fnk(1oq5) 2fnm(1oq5) 
*2fnn(1oq5) 2foq(1oq5) *2fos(1oq5) 2fov(1oq5) 2gd8(1oq5) 2geh(1oq5) 
2h15(1oq5) 2hd6(1oq5) 2hkk(1oq5) 2hl4(1oq5) 2hnc(1oq5) 2hoc(1oq5) 
2ili(1oq5) 2nng(1oq5) 2nno(1oq5) *2nns(1oq5) *2nnv(1oq5) *2nxr(1oq5) 
2nxs(1oq5) *2nxt(1oq5) 2o4z(1oq5) 4ca2(1oq5) 4cac(1oq5) *5cac(1oq5) 
1c5x(1owe) *1c5y(1owe) *1c5z(1owe) 1ejn(1owe) 1f5k(1owe) *1f5l(1owe) 
*1gi7(1owe) 1gi8(1owe) 1gi9(1owe) 1gj7(1owe) *1gj8(1owe) 1gj9(1owe) 
1gja(1owe) 1gjb(1owe) 1gjc(1owe) *1gjd(1owe) *1o3p(1owe) *1owd(1owe) 
*1owh(1owe) 1sc8(1owe) *1sqa(1owe) *1sqo(1owe) *1sqt(1owe) 
*1u6q(1owe) 1vj9(1owe) 1vja(1owe) *1a2c(1oyt) *1a46(1oyt) *1a4w(1oyt) 
*1a5g(1oyt) *1a61(1oyt) *1abj(1oyt) *1ad8(1oyt) *1ae8(1oyt) *1afe(1oyt) 
*1aht(1oyt) *1ay6(1oyt) *1b5g(1oyt) *1ba8(1oyt) *1bcu(1oyt) *1c1u(1oyt) 
*1c1v(1oyt) *1c1w(1oyt) *1c4u(1oyt) *1c5l(1oyt) *1c5n(1oyt) *1c5o(1oyt) 
*1d3d(1oyt) *1d3p(1oyt) *1d4p(1oyt) *1d6w(1oyt) *1d9i(1oyt) *1de7(1oyt) 
*1doj(1oyt) *1dx5(1oyt) *1eb1(1oyt) *1fpc(1oyt) *1g30(1oyt) *1g32(1oyt) 
*1g37(1oyt) *1ghv(1oyt) *1ghw(1oyt) *1ghx(1oyt) 1ghy(1oyt) *1gj4(1oyt) 
*1gj5(1oyt) 1h8i(1oyt) 1hag(1oyt) *1hah(1oyt) *1hai(1oyt) *1hgt(1oyt) 
*1hxf(1oyt) *1k21(1oyt) *1k22(1oyt) *1kts(1oyt) *1ktt(1oyt) *1lhc(1oyt) 
*1lhd(1oyt) *1lhe(1oyt) *1lhf(1oyt) *1lhg(1oyt) *1mu6(1oyt) *1mu8(1oyt) 
*1mue(1oyt) *1nm6(1oyt) *1no9(1oyt) *1nrr(1oyt) *1nt1(1oyt) *1nzq(1oyt) 
*1o0d(1oyt) *1o2g(1oyt) *1o5g(1oyt) *1qbv(1oyt) *1sb1(1oyt) *1sfq(1oyt) 
*1sg8(1oyt) *1sgi(1oyt) *1shh(1oyt) 1sl3(1oyt) *1t4u(1oyt) *1t4v(1oyt) 
*1ta6(1oyt) *1thr(1oyt) *1ths(1oyt) *1tmb(1oyt) *1tmu(1oyt) *1tom(1oyt) 
*1uma(1oyt) *1vr1(1oyt) *1vzq(1oyt) *1w7g(1oyt) *1way(1oyt) 
*1xm1(1oyt) 1xmn(1oyt) *1ype(1oyt) *1ypg(1oyt) *1ypj(1oyt) *1ypk(1oyt) 
*1ypl(1oyt) *1ypm(1oyt) *1z71(1oyt) *1zgi(1oyt) *1zgv(1oyt) *1zrb(1oyt) 
*2a2x(1oyt) *2ank(1oyt) *2anm(1oyt) *2bvr(1oyt) *2bvs(1oyt) *2bxt(1oyt) 
*2c8w(1oyt) *2c8x(1oyt) *2c8y(1oyt) *2c8z(1oyt) *2c90(1oyt) *2c93(1oyt) 
*2cf8(1oyt) *2cf9(1oyt) *2cn0(1oyt) *2feq(1oyt) *2fes(1oyt) *2gde(1oyt) 
2gp9(1oyt) *2od3(1oyt) *4thn(1oyt) *5gds(1oyt) *7kme(1oyt) *8kme(1oyt) 
1akd(1p2y) 1cp4(1p2y) 1dz4(1p2y) 1dz6(1p2y) 1dz8(1p2y) 1dz9(1p2y) 
1gek(1p2y) 1gem(1p2y) 1gjm(1p2y) 1iwi(1p2y) 1iwj(1p2y) 1iwk(1p2y) 
1lwl(1p2y) 1noo(1p2y) 1o76(1p2y) 1pha(1p2y) 1phc(1p2y) 1phd(1p2y) 
1phe(1p2y) 1phf(1p2y) 1phg(1p2y) 1re9(1p2y) 1t85(1p2y) 1t86(1p2y) 
1t87(1p2y) 1t88(1p2y) 1yrc(1p2y) 1yrd(1p2y) 2a1m(1p2y) 2cpp(1p2y) 
2h7q(1p2y) 3cp4(1p2y) 4cp4(1p2y) 4cpp(1p2y) 5cp4(1p2y) 5cpp(1p2y) 
6cpp(1p2y) 7cpp(1p2y) 8cpp(1p2y) *1p5z(1p62) *1p60(1p62) *1p61(1p62) 
*2no9(1p62) *2noa(1p62) 1jnk(1pmn) *1pmq(1pmn) 1pmv(1pmn) 
*2o0u(1pmn) *1nw4(1q1g) *1j1b(1q41) *1j1c(1q41) *1pyx(1q41) 
1q3d(1q41) 1q3w(1q41) 1q5k(1q41) *1r0e(1q41) *2ayl(1q4g) 1dmt(1r1h) 
1r1j(1r1h) 1y8j(1r1h) 1r54(1r55) 1r5g(1r58) 1r5h(1r58) 1yw7(1r58) 
*1yw9(1r58) *2ga2(1r58) *1db1(1s19) *1ie8(1s19) *1ie9(1s19) *1s0z(1s19) 
*1txi(1s19) *2ham(1s19) *2har(1s19) *2has(1s19) *2hb7(1s19) *2hb8(1s19) 
1dhf(1s3v) *1drf(1s3v) *1hfr(1s3v) 1mvs(1s3v) *1mvt(1s3v) 1pd9(1s3v) 
1pdb(1s3v) 1s3u(1s3v) 2dhf(1s3v) *2ouz(1sj0) *3ert(1sj0) *1a28(1sqn) 
*1sr7(1sqn) *1zuc(1sqn) 1ads(1t40) 1el3(1t40) *1iei(1t40) *1pwl(1t40) 
*1t41(1t40) 1x96(1t40) 1x97(1t40) 1x98(1t40) *1z89(1t40) 1z8a(1t40) 
2acq(1t40) 2acr(1t40) 2acs(1t40) *2dux(1t40) *2duz(1t40) *2dv0(1t40) 
*2fz8(1t40) *2fz9(1t40) 2fzd(1t40) *2hv5(1t40) *2hvn(1t40) *2hvo(1t40) 
*2ikg(1t40) *2ikh(1t40) *2iki(1t40) *2ikj(1t40) 2ine(1t40) 2inz(1t40) 
2iq0(1t40) 2iqd(1t40) 2is7(1t40) 2j8t(1t40) 2nvc(1t40) 1tou(1tow) 
*2hnx(1tow) 1s9t(1tt1) 1sd3(1tt1) *1u1d(1u1c) *1u1e(1u1c) *1u1f(1u1c) 
1krm(1uml) *1ndv(1uml) 1ndw(1uml) *1ndy(1uml) 1o5r(1uml) *1qxl(1uml) 
1v79(1uml) *1v7a(1uml) 1vfl(1uml) 1wxy(1uml) *2e1w(1uml) 2j0f(1uou) 
1ob3(1v0p) *1v0b(1v0p) 1v0o(1v0p) *1a4g(1vcj) *1a4q(1vcj) *1b9s(1vcj) 
*1b9t(1vcj) *1b9v(1vcj) 1inf(1vcj) *1inv(1vcj) *1ivb(1vcj) 1nsb(1vcj) 
*1nsc(1vcj) *1nsd(1vcj) 1e15(1w1p) 1e6r(1w1p) 1gpf(1w1p) 1h0g(1w1p) 
1h0i(1w1p) 1o6i(1w1p) 1ur8(1w1p) 1w1t(1w1p) 1w1v(1w1p) 1w1y(1w1p) 
*1g3u(1w2g) *1gsi(1w2g) *1mrn(1w2g) *1mrs(1w2g) *1n5i(1w2g) 
*1n5k(1w2g) *1n5l(1w2g) *1w2h(1w2g) 1tb7(1xoq) *1tbb(1xoq) 
*1xom(1xoq) *1xon(1xoq) *1xor(1xoq) 1y2b(1xoq) *1y2c(1xoq) 
*1y2d(1xoq) *1y2e(1xoq) *1y2k(1xoq) *1zkn(1xoq) *2fm0(1xoq) 
*2fm5(1xoq) *1t9s(1xoz) *1tbf(1xoz) *1xp0(1xoz) *2chm(1xoz) 1cvw(1ygc) 
1kli(1ygc) 1o5d(1ygc) *1w7x(1ygc) 1wqv(1ygc) 1wtg(1ygc) 1wun(1ygc) 
*1z6j(1ygc) 2a2q(1ygc) 2aer(1ygc) *2b7d(1ygc) 2c4f(1ygc) 2fir(1ygc) 
2flb(1ygc) 2flr(1ygc) 1fmv(1yv3) 1fmw(1yv3) 1jwy(1yv3) 1jx2(1yv3) 
1mma(1yv3) 1mmg(1yv3) 1mmn(1yv3) 1nb4(1yvf) 1a9u(1ywr) 1bl6(1ywr) 
1bl7(1ywr) 1bmk(1ywr) 1kv1(1ywr) 1lew(1ywr) 1lez(1ywr) 1m7q(1ywr) 
1ouk(1ywr) 1ouy(1ywr) 1ove(1ywr) 1oz1(1ywr) 1p38(1ywr) 1r39(1ywr) 
1r3c(1ywr) 1w7h(1ywr) 1w82(1ywr) 1w83(1ywr) 1w84(1ywr) 1wbn(1ywr) 
1wbo(1ywr) 1wbs(1ywr) 1wbt(1ywr) 1wbv(1ywr) 1wbw(1ywr) 1wfc(1ywr) 
1yqj(1ywr) 1zz2(1ywr) 1zzl(1ywr) 2bak(1ywr) 2bal(1ywr) 2gfs(1ywr) 
2ghl(1ywr) 2ghm(1ywr) 2gtn(1ywr) 2i0h(1ywr) *2ax8(1z95) *2fpz(2bm2) 
1ia8(2br1) 1nvq(2br1) 1nvr(2br1) 1nvs(2br1) 1zlt(2br1) 1zys(2br1) 
*2brb(2br1) 2brg(2br1) 2brh(2br1) 2brm(2br1) 2bro(2br1) *2c3l(2br1) 
2cgu(2br1) 2cgw(2br1) 2cgx(2br1) 2hog(2br1) *1byq(2bsm) *1osf(2bsm) 
1uy6(2bsm) 1uy7(2bsm) 1uy8(2bsm) 1uy9(2bsm) *1uyc(2bsm) 1uyd(2bsm) 
1uye(2bsm) 1uyf(2bsm) *1uyg(2bsm) *1uyh(2bsm) *1uyi(2bsm) 1uyk(2bsm) 
*1uyl(2bsm) *1yc1(2bsm) *1yc3(2bsm) *1yc4(2bsm) 1yer(2bsm) 
*1yes(2bsm) *1yet(2bsm) *2bt0(2bsm) *2byh(2bsm) *2byi(2bsm) 
*2bz5(2bsm) *2ccs(2bsm) *2cct(2bsm) *2cdd(2bsm) 2fwy(2bsm) 
2fwz(2bsm) 2h55(2bsm) *2uwd(2bsm) 
*1a61(1oyt) *1abj(1oyt) *1ad8(1oyt) *1ae8(1oyt) *1afe(1oyt) 
*1aht(1oyt) *1ay6(1oyt) *1b5g(1oyt) *1ba8(1oyt) *1bcu(1oyt) 
*1c1u(1oyt) *1c1v(1oyt) *1c1w(1oyt) *1c4u(1oyt) *1c5l(1oyt) 
*1c5n(1oyt) *1c5o(1oyt) *1d3d(1oyt) *1d3p(1oyt) *1d4p(1oyt) 
*1d6w(1oyt) *1d9i(1oyt) *1de7(1oyt) *1doj(1oyt) *1dx5(1oyt) 
*1eb1(1oyt) *1fpc(1oyt) *1g30(1oyt) *1g32(1oyt) *1g37(1oyt) 
*1ghv(1oyt) *1ghw(1oyt) *1ghx(1oyt) 1ghy(1oyt) *1gj4(1oyt) 
*1gj5(1oyt) 1h8i(1oyt) 1hag(1oyt) *1hah(1oyt) *1hai(1oyt) *1hgt(1oyt) 
*1hxf(1oyt) *1k21(1oyt) *1k22(1oyt) *1kts(1oyt) *1ktt(1oyt) 
*1lhc(1oyt) *1lhd(1oyt) *1lhe(1oyt) *1lhf(1oyt) *1lhg(1oyt) 
*1mu6(1oyt) *1mu8(1oyt) *1mue(1oyt) *1nm6(1oyt) *1no9(1oyt) 
*1nrr(1oyt) *1nt1(1oyt) *1nzq(1oyt) *1o0d(1oyt) *1o2g(1oyt) 
*1o5g(1oyt) *1qbv(1oyt) *1sb1(1oyt) *1sfq(1oyt) *1sg8(1oyt) 
*1sgi(1oyt) *1shh(1oyt) 1sl3(1oyt) *1t4u(1oyt) *1t4v(1oyt) *1ta6(1oyt) 
*1thr(1oyt) *1ths(1oyt) *1tmb(1oyt) *1tmu(1oyt) *1tom(1oyt) 
*1uma(1oyt) *1vr1(1oyt) *1vzq(1oyt) *1w7g(1oyt) *1way(1oyt) 
*1xm1(1oyt) 1xmn(1oyt) *1ype(1oyt) *1ypg(1oyt) *1ypj(1oyt) 
*1ypk(1oyt) *1ypl(1oyt) *1ypm(1oyt) *1z71(1oyt) *1zgi(1oyt) 
*1zgv(1oyt) *1zrb(1oyt) *2a2x(1oyt) *2ank(1oyt) *2anm(1oyt) 
*2bvr(1oyt) *2bvs(1oyt) *2bxt(1oyt) *2c8w(1oyt) *2c8x(1oyt) 
*2c8y(1oyt) *2c8z(1oyt) *2c90(1oyt) *2c93(1oyt) *2cf8(1oyt) 
*2cf9(1oyt) *2cn0(1oyt) *2feq(1oyt) *2fes(1oyt) *2gde(1oyt) 
2gp9(1oyt) *2od3(1oyt) *4thn(1oyt) *5gds(1oyt) *7kme(1oyt) 
*8kme(1oyt) 1akd(1p2y) 1cp4(1p2y) 1dz4(1p2y) 1dz6(1p2y) 
1dz8(1p2y) 1dz9(1p2y) 1gek(1p2y) 1gem(1p2y) 1gjm(1p2y) 1iwi(1p2y) 
1iwj(1p2y) 1iwk(1p2y) 1lwl(1p2y) 1noo(1p2y) 1o76(1p2y) 1pha(1p2y) 
1phc(1p2y) 1phd(1p2y) 1phe(1p2y) 1phf(1p2y) 1phg(1p2y) 1re9(1p2y) 
1t85(1p2y) 1t86(1p2y) 1t87(1p2y) 1t88(1p2y) 1yrc(1p2y) 1yrd(1p2y) 
2a1m(1p2y) 2cpp(1p2y) 2h7q(1p2y) 3cp4(1p2y) 4cp4(1p2y) 4cpp(1p2y) 
5cp4(1p2y) 5cpp(1p2y) 6cpp(1p2y) 7cpp(1p2y) 8cpp(1p2y) 
*1p5z(1p62) *1p60(1p62) *1p61(1p62) *2no9(1p62) *2noa(1p62) 
1s9t(1tt1) 1sd3(1tt1) *1u1d(1u1c) *1u1e(1u1c) *1u1f(1u1c) 2j0f(1uou) 
1ob3(1v0p) *1v0b(1v0p) 1v0o(1v0p) *1a4g(1vcj) *1a4q(1vcj) 
*1b9s(1vcj) *1b9t(1vcj) *1b9v(1vcj) 1inf(1vcj) *1inv(1vcj) *1ivb(1vcj) 
1nsb(1vcj) *1nsc(1vcj) *1nsd(1vcj) 1e15(1w1p) 1e6r(1w1p) 1gpf(1w1p) 
1h0g(1w1p) 1h0i(1w1p) 1o6i(1w1p) 1ur8(1w1p) 1w1t(1w1p) 
1w1v(1w1p) 1w1y(1w1p) *1g3u(1w2g) *1gsi(1w2g) *1mrn(1w2g) 
*1mrs(1w2g) *1n5i(1w2g) *1n5k(1w2g) *1n5l(1w2g) *1w2h(1w2g) 
*1t9s(1xoz) *1tbf(1xoz) *1xp0(1xoz) *2chm(1xoz) 1fmv(1yv3) 
1fmw(1yv3) 1jwy(1yv3) 1jx2(1yv3) 1mma(1yv3) 1mmg(1yv3) 
1mmn(1yv3) 1nb4(1yvf) *2ax8(1z95) *1byq(2bsm) *1osf(2bsm) 
1uy6(2bsm) 1uy7(2bsm) 1uy8(2bsm) 1uy9(2bsm) *1uyc(2bsm) 
1uyd(2bsm) 1uye(2bsm) 1uyf(2bsm) *1uyg(2bsm) *1uyh(2bsm) 
*1uyi(2bsm) 1uyk(2bsm) *1uyl(2bsm) *1yc1(2bsm) *1yc3(2bsm) 
*1yc4(2bsm) 1yer(2bsm) *1yes(2bsm) *1yet(2bsm) *2bt0(2bsm) 
*2byh(2bsm) *2byi(2bsm) *2bz5(2bsm) *2ccs(2bsm) *2cct(2bsm) 
*2cdd(2bsm) 2fwy(2bsm) 2fwz(2bsm) 2h55(2bsm) *2uwd(2bsm) 
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1a0u(1g9v) 1a0z(1g9v) 1a3n(1g9v) *1a3o(1g9v) 1b86(1g9v) 1bij(1g9v) 
1bz0(1g9v) 1bzz(1g9v) *1cls(1g9v) 1dxt(1g9v) 1dxu(1g9v) 1dxv(1g9v) 
1fn3(1g9v) 1gbu(1g9v) 1gbv(1g9v) 1gzx(1g9v) 1hab(1g9v) 1hbb(1g9v) 
1hdb(1g9v) 1j7s(1g9v) 1j7w(1g9v) *1j7y(1g9v) *1k0y(1g9v) 1kd2(1g9v) 
1m9p(1g9v) 1nej(1g9v) 1o1k(1g9v) 1qi8(1g9v) 1qsh(1g9v) 1qsi(1g9v) 
*1rps(1g9v) 1rq3(1g9v) 1rq4(1g9v) 1sdk(1g9v) 1sdl(1g9v) 1xxt(1g9v) 
1xy0(1g9v) 1xye(1g9v) 1xz2(1g9v) 1xz4(1g9v) 1xz5(1g9v) 1xz7(1g9v) 
1y09(1g9v) 1y0t(1g9v) *1y0w(1g9v) 1y22(1g9v) 1y2z(1g9v) 1y45(1g9v) 
1y4q(1g9v) 1y4r(1g9v) 1y4v(1g9v) 1y5f(1g9v) 1y5j(1g9v) 1y5k(1g9v) 
1y7c(1g9v) 1y7d(1g9v) 1y7g(1g9v) 1y83(1g9v) 1y85(1g9v) 1ye0(1g9v) 
*1yh9(1g9v) 1yhe(1g9v) 1yih(1g9v) 2d5z(1g9v) 2d60(1g9v) 2dn2(1g9v) 
2hhd(1g9v) 2hhe(1g9v) 6hbw(1g9v) 1fxh(1gm8) 1fxv(1gm8) 1gkf(1gm8) 
*1gm7(1gm8) 1dx6(1gpk) *1e66(1gpk) *1ea5(1gpk) *1eve(1gpk) 
*1gpn(1gpk) 1h22(1gpk) 1h23(1gpk) *1jjb(1gpk) *1odc(1gpk) *1qid(1gpk) 
*1qie(1gpk) 1qif(1gpk) *1qig(1gpk) *1qih(1gpk) *1qti(1gpk) *1ut6(1gpk) 
1vot(1gpk) *1vxr(1gpk) 1w4l(1gpk) 1w6r(1gpk) *1w75(1gpk) *1zgb(1gpk) 
*1zgc(1gpk) 2ack(1gpk) *2c5g(1gpk) *2cek(1gpk) *2ckm(1gpk) 
*2cmf(1gpk) *1yz3(1hnn) *2an3(1hnn) *2an4(1hnn) *2an5(1hnn) 
*2g71(1hnn) *2g8n(1hnn) *2ff1(1hp0) *1q0n(1hq2) *1hty(1hww) 
*1hxk(1hww) *1ps3(1hww) *1r33(1hww) *1r34(1hww) *1tqs(1hww) 
*1tqt(1hww) *1tqu(1hww) *1tqv(1hww) *1tqw(1hww) *2alw(1hww) 
2f18(1hww) *2f1a(1hww) *2f1b(1hww) 2f7o(1hww) *2f7p(1hww) 
*2f7q(1hww) *2f7r(1hww) *2fyv(1hww) *1ai9(1ia1) *1aoe(1ia1) 
*1ia2(1ia1) *1m78(1ia1) *1m7a(1ia1) *2f17(1ig3) *1dd6(1jje) *1jjt(1jje) 
1jkh(1jla) *1a50(1k3u) *1c29(1k3u) *1c8v(1k3u) *1c9d(1k3u) *1cw2(1k3u) 
*1cx9(1k3u) *1fuy(1k3u) *1qop(1k3u) *1tjp(1k3u) *1wbj(1k3u) *2trs(1k3u) 
*2tsy(1k3u) *1aq1(1ke5) 1b38(1ke5) *1b39(1ke5) *1ckp(1ke5) *1di8(1ke5) 
1e1v(1ke5) 1e1x(1ke5) 1e9h(1ke5) *1fin(1ke5) *1fvt(1ke5) 1gz8(1ke5) 
*1h00(1ke5) *1h08(1ke5) 1h0v(1ke5) *1h0w(1ke5) 1h1p(1ke5) *1h1q(1ke5) 
*1h1r(1ke5) *1h1s(1ke5) *1h24(1ke5) *1h25(1ke5) *1h26(1ke5) 
*1h27(1ke5) 1hck(1ke5) 1hcl(1ke5) 1jsv(1ke5) *1ke6(1ke5) *1ke7(1ke5) 
*1ke8(1ke5) *1ke9(1ke5) *1oi9(1ke5) *1oiq(1ke5) *1oit(1ke5) 1oiu(1ke5) 
*1oiy(1ke5) *1okv(1ke5) *1okw(1ke5) *1p2a(1ke5) *1p5e(1ke5) 
*1pkd(1ke5) 1pw2(1ke5) 1pxi(1ke5) 1pxj(1ke5) *1pxl(1ke5) *1qmz(1ke5) 
*1urw(1ke5) *1v1k(1ke5) *1vyz(1ke5) *1w0x(1ke5) 1w8c(1ke5) 
*1w98(1ke5) 1wcc(1ke5) 1y8y(1ke5) *1y91(1ke5) *1ykr(1ke5) *2a0c(1ke5) 
2a4l(1ke5) *2b52(1ke5) *2b53(1ke5) *2b54(1ke5) *2btr(1ke5) *2c5n(1ke5) 
*2c5o(1ke5) *2c5p(1ke5) *2c5y(1ke5) 2c68(1ke5) 2c69(1ke5) 2c6i(1ke5) 
2c6k(1ke5) 2c6l(1ke5) 2c6m(1ke5) *2c6o(1ke5) *2cch(1ke5) *2cjm(1ke5) 
2clx(1ke5) *2duv(1ke5) 2exm(1ke5) *2fvd(1ke5) *2g9x(1ke5) *2uue(1ke5) 
*1a8g(1kzk) *1a8k(1kzk) *1a94(1kzk) *1aaq(1kzk) *1aid(1kzk) *1ajv(1kzk) 
*1ajx(1kzk) *1b6j(1kzk) *1b6k(1kzk) *1b6l(1kzk) *1b6m(1kzk) 
*1b6p(1kzk) *1c70(1kzk) *1cpi(1kzk) *1d4h(1kzk) *1d4i(1kzk) *1d4j(1kzk) 
*1d4k(1kzk) *1d4l(1kzk) *1d4y(1kzk) *1dmp(1kzk) *1dw6(1kzk) 
*1ebw(1kzk) *1eby(1kzk) *1ebz(1kzk) *1ec0(1kzk) *1ec1(1kzk) 
*1ec2(1kzk) *1ec3(1kzk) *1fej(1kzk) *1fg6(1kzk) *1fg8(1kzk) *1fgc(1kzk) 
*1g2k(1kzk) 1g35(1kzk) *1gno(1kzk) *1hbv(1kzk) *1hos(1kzk) *1hpo(1kzk) 
*1hps(1kzk) *1hpv(1kzk) *1hpx(1kzk) *1hsg(1kzk) *1htf(1kzk) *1hvh(1kzk) 
*1hvi(1kzk) *1hvj(1kzk) *1hvk(1kzk) *1hvl(1kzk) *1hwr(1kzk) *1hxb(1kzk) 
*1hxw(1kzk) *1iiq(1kzk) *1izh(1kzk) 1k2b(1kzk) *1m0b(1kzk) 
*1mrw(1kzk) 1msm(1kzk) *1nh0(1kzk) *1npa(1kzk) *1npv(1kzk) 
*1npw(1kzk) *1odw(1kzk) *1ody(1kzk) *1ohr(1kzk) *1pro(1kzk) 
*1qbr(1kzk) *1qbs(1kzk) *1qbt(1kzk) *1qbu(1kzk) *1sbg(1kzk) *1sdt(1kzk) 
*1sdu(1kzk) *1t3r(1kzk) 1t7k(1kzk) *1u8g(1kzk) *1vij(1kzk) *1vik(1kzk) 
*1w5v(1kzk) *1w5w(1kzk) *1w5x(1kzk) *1w5y(1kzk) *1wbk(1kzk) 
*1wbm(1kzk) *1xl2(1kzk) *1xl5(1kzk) *1yth(1kzk) *1z1h(1kzk) 
*1z1r(1kzk) *1zsf(1kzk) *1zsr(1kzk) *2a1e(1kzk) *2a4f(1kzk) *2aid(1kzk) 
*2aod(1kzk) *2aoi(1kzk) *2aoj(1kzk) *2aqu(1kzk) *2avm(1kzk) 
*2avo(1kzk) *2avv(1kzk) *2bb9(1kzk) 2bbb(1kzk) *2bpv(1kzk) *2bpy(1kzk) 
*2bpz(1kzk) *2bqv(1kzk) *2cej(1kzk) *2cem(1kzk) *2cen(1kzk) 2f3k(1kzk) 
*2f81(1kzk) *2fxe(1kzk) 2hb3(1kzk) *2hs2(1kzk) *2i0a(1kzk) *2i0d(1kzk) 
*2ien(1kzk) *2nmw(1kzk) *2o4k(1kzk) 2o4p(1kzk) *2o4s(1kzk) 
*2p3b(1kzk) *2p3c(1kzk) *2pk5(1kzk) *2pk6(1kzk) *2psu(1kzk) 
*2psv(1kzk) *3aid(1kzk) *4hvp(1kzk) *4phv(1kzk) *7hvp(1kzk) *7upj(1kzk) 
*8hvp(1kzk) *1c3b(1l2s) *1fco(1l2s) *1fsw(1l2s) 1fsy(1l2s) *1ga9(1l2s) 
1iel(1l2s) 1iem(1l2s) *1kds(1l2s) *1kdw(1l2s) *1ke0(1l2s) *1ke3(1l2s) 
*1ke4(1l2s) *1kvm(1l2s) 1ll5(1l2s) *1ll9(1l2s) *1llb(1l2s) *1mxo(1l2s) 
*1my8(1l2s) *1xgi(1l2s) *1xgj(1l2s) 2bls(1l2s) *2hdq(1l2s) *2hdr(1l2s) 
*2hdu(1l2s) *3bls(1l2s) *1a14(1l7f) *1f8b(1l7f) *1f8c(1l7f) *1f8d(1l7f) 
*1f8e(1l7f) *1iny(1l7f) *1mwe(1l7f) *1nca(1l7f) *1ncb(1l7f) *1ncc(1l7f) 
*1nmb(1l7f) *1nmc(1l7f) *1nna(1l7f) *1xoe(1l7f) *2b8h(1l7f) *2c4a(1l7f) 
*2c4l(1l7f) *2qwi(1l7f) *2qwj(1l7f) *2qwk(1l7f) *3nn9(1l7f) *4nn9(1l7f) 
*5nn9(1l7f) *6nn9(1l7f) *7nn9(1l7f) *1ezq(1lpz) *1f0r(1lpz) *1f0s(1lpz) 
*1fjs(1lpz) *1g2l(1lpz) *1ksn(1lpz) *1kye(1lpz) *1lpg(1lpz) *1lpk(1lpz) 
1mq5(1lpz) *1mq6(1lpz) *1nfu(1lpz) *1nfw(1lpz) *1nfx(1lpz) *1nfy(1lpz) 
1xka(1lpz) *1xkb(1lpz) *1z6e(1lpz) 2boh(1lpz) 2bok(1lpz) *2bq7(1lpz) 
*2fzz(1lpz) *2g00(1lpz) *2h9e(1lpz) 2j2u(1lpz) 2j34(1lpz) 2j38(1lpz) 
*2j4i(1lpz) *2j94(1lpz) *2j95(1lpz) *2uwl(1lpz) *2uwo(1lpz) *2uwp(1lpz) 
*1lr5(1lrh) *1me9(1meh) *1k2r(1mmv) *1k2t(1mmv) *1k2u(1mmv) 
*1lzx(1mmv) *1lzz(1mmv) *1m00(1mmv) *1mmw(1mmv) 1om5(1mmv) 
*1p6h(1mmv) *1p6i(1mmv) *1p6j(1mmv) *1qw6(1mmv) 1qwc(1mmv) 
*1rs6(1mmv) *1rs7(1mmv) *1vag(1mmv) *1zvi(1mmv) *2hx3(1mmv) 
*2hx4(1mmv) *1jcq(1mzc) 1kzo(1mzc) *1ld7(1mzc) *1ld8(1mzc) 
1o5m(1mzc) *1s63(1mzc) *1sa4(1mzc) *1nu6(1n1m) *1nu8(1n1m) 
1pfq(1n1m) *1rwq(1n1m) *1tk3(1n1m) 1x70(1n1m) *2ajl(1n1m) 
*2fjp(1n1m) 2g5p(1n1m) *2g5t(1n1m) *2hha(1n1m) 2iit(1n1m) *2iiv(1n1m) 
*2ogz(1n1m) *2oph(1n1m) *2p8s(1n1m) *1mop(1n2j) *1n2b(1n2j) 
1n2e(1n2j) *1n2g(1n2j) *1n2h(1n2j) *1n2i(1n2j) *2a86(1n2j) *1enu(1n2v) 
*1f3e(1n2v) *1k4g(1n2v) *1k4h(1n2v) *1p0b(1n2v) 1p0d(1n2v) 
*1p0e(1n2v) 1pud(1n2v) 1q63(1n2v) 1q65(1n2v) 1r5y(1n2v) *1s38(1n2v) 
1s39(1n2v) *1y5x(1n2v) *2bbf(1n2v) *1xzx(1n46) *2h6w(1n46) *1e2i(1of1) 
*1e2k(1of1) *1p7c(1of1) *2f4j(1opk) *2fo0(1opk) *2g2h(1opk) *2hiw(1opk) 
1dx6(1gpk) *1e66(1gpk) *1ea5(1gpk) *1eve(1gpk) *1gpn(1gpk) 
1h22(1gpk) 1h23(1gpk) *1jjb(1gpk) *1odc(1gpk) *1qid(1gpk) 
*1qie(1gpk) 1qif(1gpk) *1qig(1gpk) *1qih(1gpk) *1qti(1gpk) 
*1ut6(1gpk) 1vot(1gpk) *1vxr(1gpk) 1w4l(1gpk) 1w6r(1gpk) 
*1w75(1gpk) *1zgb(1gpk) *1zgc(1gpk) 2ack(1gpk) *2c5g(1gpk) 
*2cek(1gpk) *2ckm(1gpk) *2cmf(1gpk) *1yz3(1hnn) *2an3(1hnn) 
*2an4(1hnn) *2an5(1hnn) *2g71(1hnn) *2g8n(1hnn) *2ff1(1hp0) 
*1q0n(1hq2) *1hty(1hww) *1hxk(1hww) *1ps3(1hww) *1r33(1hww) 
*1r34(1hww) *1tqs(1hww) *1tqt(1hww) *1tqu(1hww) *1tqv(1hww) 
*1tqw(1hww) *2alw(1hww) 2f18(1hww) *2f1a(1hww) *2f1b(1hww) 
2f7o(1hww) *2f7p(1hww) *2f7q(1hww) *2f7r(1hww) *1dd6(1jje) 
*1jjt(1jje) 1jkh(1jla) *1a50(1k3u) *1c29(1k3u) *1c8v(1k3u) 
*1c9d(1k3u) *1cw2(1k3u) *1cx9(1k3u) *1fuy(1k3u) *1qop(1k3u) 
*1tjp(1k3u) *1wbj(1k3u) *2trs(1k3u) *2tsy(1k3u) *1aq1(1ke5) 
1b38(1ke5) *1b39(1ke5) *1ckp(1ke5) *1di8(1ke5) 1e1v(1ke5) 
1e1x(1ke5) 1e9h(1ke5) *1fin(1ke5) *1fvt(1ke5) 1gz8(1ke5) 
*1h00(1ke5) *1h08(1ke5) 1h0v(1ke5) *1h0w(1ke5) 1h1p(1ke5) 
*1h1q(1ke5) *1h1r(1ke5) *1h1s(1ke5) *1h24(1ke5) *1h25(1ke5) 
*1h26(1ke5) *1h27(1ke5) 1hck(1ke5) 1hcl(1ke5) 1jsv(1ke5) 
*1ke6(1ke5) *1ke7(1ke5) *1ke8(1ke5) *1ke9(1ke5) *1oi9(1ke5) 
*1oiq(1ke5) *1oit(1ke5) 1oiu(1ke5) *1oiy(1ke5) *1okv(1ke5) 
*1okw(1ke5) *1p2a(1ke5) *1p5e(1ke5) *1pkd(1ke5) 1pw2(1ke5) 
1pxi(1ke5) 1pxj(1ke5) *1pxl(1ke5) *1qmz(1ke5) *1urw(1ke5) 
*1v1k(1ke5) *1vyz(1ke5) *1w0x(1ke5) 1w8c(1ke5) *1w98(1ke5) 
1wcc(1ke5) 1y8y(1ke5) *1y91(1ke5) *1ykr(1ke5) *2a0c(1ke5) 
2a4l(1ke5) *2b52(1ke5) *2b53(1ke5) *2b54(1ke5) *2btr(1ke5) 
*2c5n(1ke5) *2c5o(1ke5) *2c5p(1ke5) *2c5y(1ke5) 2c69(1ke5) 
2c6i(1ke5) 2c6k(1ke5) 2c6l(1ke5) *2c6o(1ke5) *2cch(1ke5) 
*2cjm(1ke5) 2clx(1ke5) *2duv(1ke5) 2exm(1ke5) *2fvd(1ke5) 
*2g9x(1ke5) *2uue(1ke5) *1fco(1l2s) 1iel(1l2s) *1ke4(1l2s) 
*1kvm(1l2s) 1ll5(1l2s) *1ll9(1l2s) *1llb(1l2s) *1xgi(1l2s) *1xgj(1l2s) 
2bls(1l2s) *2hdq(1l2s) *2hdr(1l2s) *2hdu(1l2s) *1a14(1l7f) *1f8b(1l7f) 
*1f8c(1l7f) *1f8d(1l7f) *1f8e(1l7f) *1iny(1l7f) *1mwe(1l7f) 
*1nca(1l7f) *1ncb(1l7f) *1ncc(1l7f) *1nmb(1l7f) *1nmc(1l7f) 
*1nna(1l7f) *1xoe(1l7f) *2b8h(1l7f) *2c4a(1l7f) *2c4l(1l7f) 
*2qwi(1l7f) *2qwj(1l7f) *2qwk(1l7f) *3nn9(1l7f) *4nn9(1l7f) 
*5nn9(1l7f) *6nn9(1l7f) *7nn9(1l7f) *1ezq(1lpz) *1f0r(1lpz) 
*1f0s(1lpz) *1fjs(1lpz) *1g2l(1lpz) *1ksn(1lpz) *1kye(1lpz) *1lpg(1lpz) 
*1lpk(1lpz) 1mq5(1lpz) *1mq6(1lpz) *1nfu(1lpz) *1nfw(1lpz) 
*1nfx(1lpz) *1nfy(1lpz) 1xka(1lpz) *1xkb(1lpz) *1z6e(1lpz) 2boh(1lpz) 
2bok(1lpz) *2bq7(1lpz) *2fzz(1lpz) *2g00(1lpz) *2h9e(1lpz) 2j2u(1lpz) 
2j34(1lpz) 2j38(1lpz) *2j4i(1lpz) *2j94(1lpz) *2j95(1lpz) *2uwl(1lpz) 
*2uwo(1lpz) *2uwp(1lpz) *1lr5(1lrh) *1me9(1meh) *1k2r(1mmv) 
*1k2t(1mmv) *1k2u(1mmv) *1lzx(1mmv) *1lzz(1mmv) *1m00(1mmv) 
*1mmw(1mmv) 1om5(1mmv) *1p6h(1mmv) *1p6i(1mmv) 
*1p6j(1mmv) *1qw6(1mmv) 1qwc(1mmv) *1rs6(1mmv) *1rs7(1mmv) 
*1vag(1mmv) *1zvi(1mmv) *2hx3(1mmv) *2hx4(1mmv) *1nu6(1n1m) 
*1nu8(1n1m) 1pfq(1n1m) *1rwq(1n1m) *1tk3(1n1m) 1x70(1n1m) 
*2ajl(1n1m) *2fjp(1n1m) 2g5p(1n1m) *2g5t(1n1m) *2hha(1n1m) 
2iit(1n1m) *2iiv(1n1m) *2ogz(1n1m) *2oph(1n1m) *2p8s(1n1m) 
*1enu(1n2v) *1f3e(1n2v) *1k4g(1n2v) *1k4h(1n2v) *1p0b(1n2v) 
1p0d(1n2v) *1p0e(1n2v) 1pud(1n2v) 1q63(1n2v) 1q65(1n2v) 
1r5y(1n2v) *1s38(1n2v) 1s39(1n2v) *1y5x(1n2v) *2bbf(1n2v) 
*1e2i(1of1) *1e2k(1of1) *2f4j(1opk) *2fo0(1opk) *2g2h(1opk) 
*2hiw(1opk) *2hyy(1opk) *2hzi(1opk) 1a42(1oq5) 1am6(1oq5) 
1avn(1oq5) 1bcd(1oq5) 1bn1(1oq5) 1bn3(1oq5) 1bn4(1oq5) 1bnn(1oq5) 
1bnq(1oq5) 1bnt(1oq5) 1bnu(1oq5) 1bnv(1oq5) 1bnw(1oq5) 1bv3(1oq5) 
1ca2(1oq5) *1ca3(1oq5) 1cao(1oq5) 1cay(1oq5) 1cil(1oq5) 1cim(1oq5) 
1cin(1oq5) 1cng(1oq5) 1cnw(1oq5) 1cnx(1oq5) 1cny(1oq5) 1cra(1oq5) 
1eou(1oq5) 1f2w(1oq5) *1fql(1oq5) 1fqm(1oq5) *1g0e(1oq5) 
1g0f(1oq5) 1g1d(1oq5) 1g52(1oq5) 1g53(1oq5) 1g54(1oq5) 
*1hca(1oq5) 1i8z(1oq5) 1i90(1oq5) 1i91(1oq5) 1if4(1oq5) 1if5(1oq5) 
1if6(1oq5) 1if7(1oq5) 1if8(1oq5) 1if9(1oq5) 1kwr(1oq5) 1lug(1oq5) 
1lzv(1oq5) 1moo(1oq5) 1okl(1oq5) 1okm(1oq5) *1okn(1oq5) 
1ray(1oq5) *1raz(1oq5) 1t9n(1oq5) 1tb0(1oq5) 1tbt(1oq5) 1te3(1oq5) 
1teq(1oq5) 1teu(1oq5) *1ttm(1oq5) 1ugb(1oq5) 1ugd(1oq5) 1ugg(1oq5) 
1xeg(1oq5) 1xev(1oq5) *1xpz(1oq5) 1xq0(1oq5) 1z9y(1oq5) 
1ze8(1oq5) 1zfk(1oq5) 1zfq(1oq5) 1zge(1oq5) 1zgf(1oq5) 1zh9(1oq5) 
1zsb(1oq5) 1zsc(1oq5) 2aw1(1oq5) 2ax2(1oq5) 2ca2(1oq5) 2cba(1oq5) 
2cbb(1oq5) 2cbc(1oq5) 2cbd(1oq5) 2eu2(1oq5) 2eu3(1oq5) 2ez7(1oq5) 
2f14(1oq5) 2fmz(1oq5) 2fnk(1oq5) 2fnm(1oq5) 2fnn(1oq5) 2foq(1oq5) 
2fos(1oq5) 2fov(1oq5) *2gd8(1oq5) 2geh(1oq5) 2h15(1oq5) 2hd6(1oq5) 
2hkk(1oq5) 2hl4(1oq5) 2hnc(1oq5) 2hoc(1oq5) 2ili(1oq5) 2nng(1oq5) 
2nno(1oq5) 2nns(1oq5) *2nnv(1oq5) 2nxr(1oq5) 2nxs(1oq5) 2nxt(1oq5) 
2o4z(1oq5) 4ca2(1oq5) 4cac(1oq5) *5cac(1oq5) 1c5x(1owe) 
*1c5y(1owe) *1c5z(1owe) 1ejn(1owe) 1f5k(1owe) 1f5l(1owe) 
*1gi7(1owe) 1gi8(1owe) *1gi9(1owe) 1gj7(1owe) 1gj8(1owe) 
1gj9(1owe) *1gja(1owe) *1gjb(1owe) 1gjc(1owe) 1gjd(1owe) 
1o3p(1owe) 1owd(1owe) 1owh(1owe) 1sc8(1owe) 1sqa(1owe) 
1sqo(1owe) 1sqt(1owe) 1u6q(1owe) 1vj9(1owe) *1vja(1owe) 
*1a2c(1oyt) *1a46(1oyt) *1a4w(1oyt) *1a5g(1oyt) *1a61(1oyt) 
*1abj(1oyt) *1ad8(1oyt) *1ae8(1oyt) *1afe(1oyt) *1aht(1oyt) 
*1ay6(1oyt) *1b5g(1oyt) *1ba8(1oyt) *1bcu(1oyt) *1c1u(1oyt) 
*1c1v(1oyt) *1c1w(1oyt) *1c4u(1oyt) *1c5l(1oyt) *1c5n(1oyt) 
*1c5o(1oyt) *1d3d(1oyt) *1d3p(1oyt) *1d4p(1oyt) *1d6w(1oyt) 
*1d9i(1oyt) *1de7(1oyt) *1doj(1oyt) *1dx5(1oyt) *1eb1(1oyt) 
*1fpc(1oyt) *1g30(1oyt) *1g32(1oyt) *1g37(1oyt) *1ghv(1oyt) 
*1ghw(1oyt) *1ghx(1oyt) 1ghy(1oyt) *1gj4(1oyt) *1gj5(1oyt) 
*1h8i(1oyt) 1hag(1oyt) *1hah(1oyt) *1hai(1oyt) *1hgt(1oyt) 
*1hxf(1oyt) *1k21(1oyt) *1k22(1oyt) *1kts(1oyt) *1ktt(1oyt) 
*1lhc(1oyt) *1lhd(1oyt) *1lhe(1oyt) *1lhf(1oyt) *1lhg(1oyt) 
*1mu6(1oyt) *1mu8(1oyt) *1mue(1oyt) *1nm6(1oyt) *1no9(1oyt) 
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*2hyy(1opk) *2hzi(1opk) 1a42(1oq5) 1am6(1oq5) 1avn(1oq5) 1bcd(1oq5) 
1bn1(1oq5) 1bn3(1oq5) 1bn4(1oq5) 1bnn(1oq5) 1bnq(1oq5) 1bnt(1oq5) 
1bnu(1oq5) 1bnv(1oq5) 1bnw(1oq5) 1bv3(1oq5) 1ca2(1oq5) *1ca3(1oq5) 
1cao(1oq5) 1cay(1oq5) 1cil(1oq5) 1cim(1oq5) 1cin(1oq5) 1cng(1oq5) 
1cnw(1oq5) 1cnx(1oq5) 1cny(1oq5) 1cra(1oq5) 1eou(1oq5) 1f2w(1oq5) 
*1fql(1oq5) 1fqm(1oq5) *1g0e(1oq5) 1g0f(1oq5) 1g1d(1oq5) 1g52(1oq5) 
1g53(1oq5) 1g54(1oq5) *1hca(1oq5) 1i8z(1oq5) 1i90(1oq5) 1i91(1oq5) 
1if4(1oq5) 1if5(1oq5) 1if6(1oq5) 1if7(1oq5) 1if8(1oq5) 1if9(1oq5) 
1kwr(1oq5) 1lug(1oq5) 1lzv(1oq5) 1moo(1oq5) 1okl(1oq5) 1okm(1oq5) 
*1okn(1oq5) 1ray(1oq5) *1raz(1oq5) 1t9n(1oq5) 1tb0(1oq5) 1tbt(1oq5) 
1te3(1oq5) 1teq(1oq5) 1teu(1oq5) *1ttm(1oq5) 1ugb(1oq5) 1ugd(1oq5) 
1ugg(1oq5) 1xeg(1oq5) 1xev(1oq5) *1xpz(1oq5) 1xq0(1oq5) 1z9y(1oq5) 
1ze8(1oq5) 1zfk(1oq5) 1zfq(1oq5) 1zge(1oq5) 1zgf(1oq5) 1zh9(1oq5) 
1zsb(1oq5) 1zsc(1oq5) 2aw1(1oq5) 2ax2(1oq5) 2ca2(1oq5) 2cba(1oq5) 
2cbb(1oq5) 2cbc(1oq5) 2cbd(1oq5) 2eu2(1oq5) 2eu3(1oq5) 2ez7(1oq5) 
2f14(1oq5) 2fmz(1oq5) 2fnk(1oq5) 2fnm(1oq5) 2fnn(1oq5) 2foq(1oq5) 
2fos(1oq5) 2fov(1oq5) *2gd8(1oq5) 2geh(1oq5) 2h15(1oq5) 2hd6(1oq5) 
2hkk(1oq5) 2hl4(1oq5) 2hnc(1oq5) 2hoc(1oq5) 2ili(1oq5) 2nng(1oq5) 
2nno(1oq5) 2nns(1oq5) *2nnv(1oq5) 2nxr(1oq5) 2nxs(1oq5) 2nxt(1oq5) 
2o4z(1oq5) 4ca2(1oq5) 4cac(1oq5) *5cac(1oq5) 1c5x(1owe) *1c5y(1owe) 
*1c5z(1owe) 1ejn(1owe) 1f5k(1owe) 1f5l(1owe) *1gi7(1owe) 1gi8(1owe) 
*1gi9(1owe) 1gj7(1owe) 1gj8(1owe) 1gj9(1owe) *1gja(1owe) *1gjb(1owe) 
1gjc(1owe) 1gjd(1owe) 1o3p(1owe) 1owd(1owe) 1owh(1owe) 1sc8(1owe) 
1sqa(1owe) 1sqo(1owe) 1sqt(1owe) 1u6q(1owe) 1vj9(1owe) *1vja(1owe) 
*1a2c(1oyt) *1a46(1oyt) *1a4w(1oyt) *1a5g(1oyt) *1a61(1oyt) *1abj(1oyt) 
*1ad8(1oyt) *1ae8(1oyt) *1afe(1oyt) *1aht(1oyt) *1ay6(1oyt) *1b5g(1oyt) 
*1ba8(1oyt) *1bcu(1oyt) *1c1u(1oyt) *1c1v(1oyt) *1c1w(1oyt) *1c4u(1oyt) 
*1c5l(1oyt) *1c5n(1oyt) *1c5o(1oyt) *1d3d(1oyt) *1d3p(1oyt) *1d4p(1oyt) 
*1d6w(1oyt) *1d9i(1oyt) *1de7(1oyt) *1doj(1oyt) *1dx5(1oyt) *1eb1(1oyt) 
*1fpc(1oyt) *1g30(1oyt) *1g32(1oyt) *1g37(1oyt) *1ghv(1oyt) *1ghw(1oyt) 
*1ghx(1oyt) 1ghy(1oyt) *1gj4(1oyt) *1gj5(1oyt) *1h8i(1oyt) 1hag(1oyt) 
*1hah(1oyt) *1hai(1oyt) *1hgt(1oyt) *1hxe(1oyt) *1hxf(1oyt) *1k21(1oyt) 
*1k22(1oyt) *1kts(1oyt) *1ktt(1oyt) *1lhc(1oyt) *1lhd(1oyt) *1lhe(1oyt) 
*1lhf(1oyt) *1lhg(1oyt) *1mu6(1oyt) *1mu8(1oyt) *1mue(1oyt) 
*1nm6(1oyt) *1no9(1oyt) *1nrr(1oyt) *1nt1(1oyt) *1nzq(1oyt) *1o0d(1oyt) 
*1o2g(1oyt) *1o5g(1oyt) *1qbv(1oyt) *1sb1(1oyt) *1sfq(1oyt) 1sg8(1oyt) 
*1sgi(1oyt) *1shh(1oyt) *1sl3(1oyt) *1t4u(1oyt) *1t4v(1oyt) *1ta6(1oyt) 
*1thr(1oyt) *1ths(1oyt) *1tmb(1oyt) *1tmu(1oyt) *1tom(1oyt) *1uma(1oyt) 
*1vr1(1oyt) *1vzq(1oyt) *1w7g(1oyt) *1way(1oyt) *1xm1(1oyt) 
*1xmn(1oyt) *1ype(1oyt) *1ypg(1oyt) *1ypj(1oyt) *1ypk(1oyt) *1ypl(1oyt) 
*1ypm(1oyt) *1z71(1oyt) *1zgi(1oyt) *1zgv(1oyt) *1zrb(1oyt) *2a2x(1oyt) 
*2ank(1oyt) *2anm(1oyt) *2bvr(1oyt) *2bvs(1oyt) 2bxt(1oyt) *2c8w(1oyt) 
*2c8x(1oyt) *2c8y(1oyt) *2c8z(1oyt) *2c90(1oyt) *2c93(1oyt) *2cf8(1oyt) 
*2cf9(1oyt) *2cn0(1oyt) *2feq(1oyt) *2fes(1oyt) *2gde(1oyt) 2gp9(1oyt) 
*2od3(1oyt) *4thn(1oyt) *5gds(1oyt) *7kme(1oyt) *8kme(1oyt) *1akd(1p2y) 
*1cp4(1p2y) *1dz4(1p2y) *1dz6(1p2y) 1dz8(1p2y) *1dz9(1p2y) 
*1gek(1p2y) *1gem(1p2y) *1gjm(1p2y) *1iwi(1p2y) *1iwj(1p2y) 
*1iwk(1p2y) *1lwl(1p2y) *1noo(1p2y) *1o76(1p2y) *1pha(1p2y) 
*1phc(1p2y) *1phd(1p2y) 1phe(1p2y) *1phf(1p2y) *1phg(1p2y) *1re9(1p2y) 
*1t85(1p2y) *1t86(1p2y) *1t87(1p2y) *1t88(1p2y) *1uyu(1p2y) *1yrc(1p2y) 
*1yrd(1p2y) *2a1m(1p2y) *2cpp(1p2y) *2h7q(1p2y) 3cp4(1p2y) 
*4cp4(1p2y) 4cpp(1p2y) *5cp4(1p2y) *5cpp(1p2y) *6cpp(1p2y) 
*7cpp(1p2y) *8cpp(1p2y) *1p5z(1p62) *1p60(1p62) *1p61(1p62) 
*2no9(1p62) *2noa(1p62) 1jnk(1pmn) *1pmq(1pmn) 1pmv(1pmn) 
*2o0u(1pmn) *1nw4(1q1g) *1j1b(1q41) *1j1c(1q41) *1pyx(1q41) 
1q3d(1q41) *1q3w(1q41) *1q5k(1q41) *1r0e(1q41) *2ayl(1q4g) 1dmt(1r1h) 
1r1j(1r1h) 1y8j(1r1h) *1r54(1r55) *1r5g(1r58) 1r5h(1r58) *1yw7(1r58) 
*1yw9(1r58) *2ga2(1r58) *1db1(1s19) *1ie8(1s19) *1ie9(1s19) *1s0z(1s19) 
*1txi(1s19) *2ham(1s19) *2har(1s19) *2has(1s19) *2hb7(1s19) *2hb8(1s19) 
*1dhf(1s3v) *1drf(1s3v) *1hfr(1s3v) *1mvs(1s3v) *1mvt(1s3v) *1pd9(1s3v) 
*1pdb(1s3v) *1s3u(1s3v) *2dhf(1s3v) *1qr2(1sg0) *1xi2(1sg0) *1zx1(1sg0) 
*2bzs(1sg0) *2qr2(1sg0) *2ouz(1sj0) *3ert(1sj0) *1a28(1sqn) *1sr7(1sqn) 
*1zuc(1sqn) 1ads(1t40) 1el3(1t40) *1iei(1t40) *1pwl(1t40) *1t41(1t40) 
1x96(1t40) 1x97(1t40) 1x98(1t40) *1z89(1t40) 1z8a(1t40) 2acq(1t40) 
2acr(1t40) 2acs(1t40) *2dux(1t40) *2duz(1t40) *2dv0(1t40) *2fz8(1t40) 
*2fz9(1t40) 2fzd(1t40) *2hv5(1t40) *2hvn(1t40) *2hvo(1t40) *2ikg(1t40) 
*2ikh(1t40) *2iki(1t40) *2ikj(1t40) 2ine(1t40) 2inz(1t40) 2iq0(1t40) 
2iqd(1t40) 2is7(1t40) 2j8t(1t40) 2nvc(1t40) *1tou(1tow) *2hnx(1tow) 
1s9t(1tt1) *1sd3(1tt1) *1u1d(1u1c) *1u1e(1u1c) *1u1f(1u1c) 1y1r(1u1c) 
1krm(1uml) 1ndv(1uml) 1ndw(1uml) *1ndy(1uml) *1o5r(1uml) 1qxl(1uml) 
*1v79(1uml) *1v7a(1uml) 1vfl(1uml) 1wxy(1uml) 2e1w(1uml) *2j0f(1uou) 
*1ob3(1v0p) *1v0b(1v0p) *1v0o(1v0p) *1a4g(1vcj) *1a4q(1vcj) *1b9s(1vcj) 
*1b9t(1vcj) *1b9v(1vcj) *1inf(1vcj) *1inv(1vcj) *1ivb(1vcj) *1nsb(1vcj) 
*1nsc(1vcj) *1nsd(1vcj) *1e15(1w1p) 1e6r(1w1p) *1gpf(1w1p) 1h0g(1w1p) 
1h0i(1w1p) *1o6i(1w1p) 1ur8(1w1p) *1w1t(1w1p) *1w1v(1w1p) 
*1w1y(1w1p) *1g3u(1w2g) *1gsi(1w2g) *1mrn(1w2g) *1mrs(1w2g) 
*1n5i(1w2g) *1n5k(1w2g) *1n5l(1w2g) *1w2h(1w2g) 1tb7(1xoq) 
*1tbb(1xoq) *1xom(1xoq) *1xon(1xoq) *1xor(1xoq) 1y2b(1xoq) 
*1y2c(1xoq) *1y2d(1xoq) *1y2e(1xoq) 1y2k(1xoq) *1zkn(1xoq) 
*2fm0(1xoq) *2fm5(1xoq) 1t9s(1xoz) 1tbf(1xoz) *1xp0(1xoz) *2chm(1xoz) 
1cvw(1ygc) 1dan(1ygc) 1kli(1ygc) 1o5d(1ygc) 1w0y(1ygc) *1w7x(1ygc) 
*1wqv(1ygc) *1wtg(1ygc) *1wun(1ygc) 1z6j(1ygc) *2a2q(1ygc) 2aer(1ygc) 
2b7d(1ygc) 2c4f(1ygc) 2fir(1ygc) 2flb(1ygc) 2flr(1ygc) 1d0x(1yv3) 
1d0y(1yv3) 1d0z(1yv3) 1d1a(1yv3) 1d1b(1yv3) 1d1c(1yv3) 1fmv(1yv3) 
1fmw(1yv3) 1jwy(1yv3) 1jx2(1yv3) 1lvk(1yv3) 1mma(1yv3) 1mmd(1yv3) 
1mmg(1yv3) 1mmn(1yv3) 1vom(1yv3) 1nb4(1yvf) *1a9u(1ywr) *1bl6(1ywr) 
1bl7(1ywr) 1bmk(1ywr) 1kv1(1ywr) 1lew(1ywr) 1lez(1ywr) *1m7q(1ywr) 
*1ouk(1ywr) 1ouy(1ywr) *1ove(1ywr) *1oz1(1ywr) 1p38(1ywr) 1r39(1ywr) 
*1r3c(1ywr) 1w7h(1ywr) 1w82(1ywr) 1w83(1ywr) *1w84(1ywr) 
1wbn(1ywr) *1wbo(1ywr) 1wbs(1ywr) 1wbt(1ywr) 1wbv(1ywr) 1wbw(1ywr) 
*1wfc(1ywr) *1yqj(1ywr) 1zz2(1ywr) 1zzl(1ywr) *2bak(1ywr) *2bal(1ywr) 
2gfs(1ywr) 2ghl(1ywr) *2ghm(1ywr) *2gtn(1ywr) 2i0h(1ywr) *2ax8(1z95) 
*1nrr(1oyt) *1nt1(1oyt) *1nzq(1oyt) *1o0d(1oyt) *1o2g(1oyt) 
*1o5g(1oyt) *1qbv(1oyt) *1sb1(1oyt) *1sfq(1oyt) 1sg8(1oyt) 
*1sgi(1oyt) *1shh(1oyt) *1sl3(1oyt) *1t4u(1oyt) *1t4v(1oyt) 
*1ta6(1oyt) *1thr(1oyt) *1ths(1oyt) *1tmb(1oyt) *1tmu(1oyt) 
*1tom(1oyt) *1uma(1oyt) *1vr1(1oyt) *1vzq(1oyt) *1w7g(1oyt) 
*1way(1oyt) *1xm1(1oyt) *1xmn(1oyt) *1ype(1oyt) *1ypg(1oyt) 
*1ypj(1oyt) *1ypk(1oyt) *1ypl(1oyt) *1ypm(1oyt) *1z71(1oyt) 
*1zgi(1oyt) *1zgv(1oyt) *1zrb(1oyt) *2a2x(1oyt) *2ank(1oyt) 
*2anm(1oyt) *2bvr(1oyt) *2bvs(1oyt) 2bxt(1oyt) *2c8w(1oyt) 
*2c8x(1oyt) *2c8y(1oyt) *2c8z(1oyt) *2c90(1oyt) *2c93(1oyt) 
*2cf8(1oyt) *2cf9(1oyt) *2cn0(1oyt) *2feq(1oyt) *2fes(1oyt) 
*2gde(1oyt) 2gp9(1oyt) *2od3(1oyt) *4thn(1oyt) *5gds(1oyt) 
*7kme(1oyt) *8kme(1oyt) *1akd(1p2y) *1cp4(1p2y) *1dz4(1p2y) 
*1dz6(1p2y) 1dz8(1p2y) *1dz9(1p2y) *1gek(1p2y) *1gem(1p2y) 
*1gjm(1p2y) *1iwi(1p2y) *1iwj(1p2y) *1iwk(1p2y) *1lwl(1p2y) 
*1noo(1p2y) *1o76(1p2y) *1pha(1p2y) *1phc(1p2y) *1phd(1p2y) 
1phe(1p2y) *1phf(1p2y) *1phg(1p2y) *1re9(1p2y) *1t85(1p2y) 
*1t86(1p2y) *1t87(1p2y) *1t88(1p2y) *1yrc(1p2y) *1yrd(1p2y) 
*2a1m(1p2y) *2cpp(1p2y) *2h7q(1p2y) 3cp4(1p2y) *4cp4(1p2y) 
4cpp(1p2y) *5cp4(1p2y) *5cpp(1p2y) *6cpp(1p2y) *7cpp(1p2y) 
*8cpp(1p2y) *1p5z(1p62) *1p60(1p62) *1p61(1p62) *2no9(1p62) 
*2noa(1p62) 1s9t(1tt1) *1sd3(1tt1) *1u1d(1u1c) *1u1e(1u1c) 
*1u1f(1u1c) *2j0f(1uou) *1ob3(1v0p) *1v0b(1v0p) *1v0o(1v0p) 
*1a4g(1vcj) *1a4q(1vcj) *1b9s(1vcj) *1b9t(1vcj) *1b9v(1vcj) 
*1inf(1vcj) *1inv(1vcj) *1ivb(1vcj) *1nsb(1vcj) *1nsc(1vcj) *1nsd(1vcj) 
*1e15(1w1p) 1e6r(1w1p) *1gpf(1w1p) 1h0g(1w1p) 1h0i(1w1p) 
*1o6i(1w1p) 1ur8(1w1p) *1w1t(1w1p) *1w1v(1w1p) *1w1y(1w1p) 
*1g3u(1w2g) *1gsi(1w2g) *1mrn(1w2g) *1mrs(1w2g) *1n5i(1w2g) 
*1n5k(1w2g) *1n5l(1w2g) *1w2h(1w2g) 1t9s(1xoz) 1tbf(1xoz) 
*1xp0(1xoz) *2chm(1xoz) 1fmv(1yv3) 1fmw(1yv3) 1jwy(1yv3) 
1jx2(1yv3) 1mma(1yv3) 1mmg(1yv3) 1mmn(1yv3) 1nb4(1yvf) 
*2ax8(1z95) *1byq(2bsm) *1osf(2bsm) *1uy6(2bsm) *1uy7(2bsm) 
*1uy8(2bsm) *1uy9(2bsm) *1uyc(2bsm) *1uyd(2bsm) *1uye(2bsm) 
*1uyf(2bsm) *1uyg(2bsm) *1uyh(2bsm) *1uyi(2bsm) *1uyk(2bsm) 
*1uyl(2bsm) *1yc1(2bsm) *1yc3(2bsm) *1yc4(2bsm) *1yer(2bsm) 
*1yes(2bsm) *1yet(2bsm) *2bt0(2bsm) *2byh(2bsm) *2byi(2bsm) 
*2bz5(2bsm) *2ccs(2bsm) *2cct(2bsm) *2cdd(2bsm) *2fwy(2bsm) 
*2fwz(2bsm) *2h55(2bsm) *2uwd(2bsm) 
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*2fpz(2bm2) *1ia8(2br1) *1nvq(2br1) *1nvr(2br1) *1nvs(2br1) *1zlt(2br1) 
*1zys(2br1) *2brb(2br1) *2brg(2br1) *2brh(2br1) *2brm(2br1) *2bro(2br1) 
*2c3l(2br1) 2cgu(2br1) *2cgw(2br1) 2cgx(2br1) *2hog(2br1) *1byq(2bsm) 
*1osf(2bsm) *1uy6(2bsm) *1uy7(2bsm) *1uy8(2bsm) *1uy9(2bsm) 
*1uyc(2bsm) *1uyd(2bsm) *1uye(2bsm) *1uyf(2bsm) *1uyg(2bsm) 
*1uyh(2bsm) *1uyi(2bsm) *1uyk(2bsm) *1uyl(2bsm) *1yc1(2bsm) 
*1yc3(2bsm) *1yc4(2bsm) *1yer(2bsm) *1yes(2bsm) *1yet(2bsm) 
*2bt0(2bsm) *2byh(2bsm) *2byi(2bsm) *2bz5(2bsm) *2ccs(2bsm) 
*2cct(2bsm) *2cdd(2bsm) *2fwy(2bsm) *2fwz(2bsm) *2h55(2bsm) 
*2uwd(2bsm) 
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1b8v 1bq4 *1br5 *1bzs *1e8z *1eqc 1hon 1ikg *1it8 *1j1s *1jso 1lee 1lif 
*1lnm *1loo 1nx3 1ra1 *1s5o *1tqm 1uak *1v2g 1v8l *1wk9 1wrp 1x6n 
1xcw *1y2w 1yon 1yxt 1z3w *1zg3 *2bf6 *2bu7 2c05 2d5a 2ei5 2ejt 2oxd 
2uyq *2x0u 2x1t 2z1s 2zlz *2zy1 3aar *3acd 3adp 3baz 3cj7 3csj 3cuf *3d5i 
3eha 3erk 3go6 3jyn *3sli 4a3h *7jdw 
1b8v 1bq4 *1br5 *1bzs *1e8z *1eqc 1hon 1ikg *1it8 *1j1s *1jso 1lee 
1lif *1lnm *1loo 1nx3 1ra1 *1s5o *1tqm 1uak *1v2g 1v8l *1wk9 1wrp 
1x6n 1xcw *1y2w 1yon 1yxt 1z3w *1zg3 *2bu7 2d5a 2ei5 2ejt 2oxd 
2x1t 2z1s 2zlz *2zy1 3aar *3acd 3baz 3cj7 3csj 3cuf *3d5i 3eha 3erk 
3go6 3jyn *3sli 4a3h *7jdw 
Vina 
*1b8v 1bq4 *1br5 *1bzs *1e8z *1eqc 1hon *1ikg *1it8 *1j1s 1jso *1lee 1lif 
*1lnm 1loo *1nx3 *1ra1 *1s5o 1tqm *1uak *1v2g 1v8l *1wk9 *1wrp 1x6n 
*1xcw *1y2w *1yon *1yxt 1z3w 1zg3 *2bf6 2bu7 *2c05 *2d5a 2ei5 *2ejt 
2oxd 2uyq *2x0u *2x1t 2z1s 2zlz 2zy1 3aar *3acd *3adp *3baz 3cj7 3csj 
*3cuf *3d5i *3eha *3erk *3go6 *3jyn *3sli *4a3h *7jdw 
*1b8v 1bq4 *1br5 *1bzs *1e8z *1eqc 1hon *1ikg *1it8 *1j1s 1jso *1lee 
1lif *1lnm 1loo *1nx3 *1ra1 *1s5o 1tqm *1uak *1v2g 1v8l *1wk9 
*1wrp 1x6n *1xcw *1y2w *1yon *1yxt 1z3w 1zg3 2bu7 *2d5a 2ei5 
*2ejt 2oxd *2x1t 2z1s 2zlz 2zy1 3aar *3acd *3baz 3cj7 3csj *3cuf *3d5i 
*3eha *3erk *3go6 *3jyn *3sli *4a3h *7jdw 
FlexX 
1b8v 1bq4 1br5 *1bzs 1e8z *1eqc 1hon 1i1e *1ikg *1it8 1j1s 1jso 1lee 1lif 
*1lnm 1loo *1nx3 *1ra1 *1rbp *1s5o *1tqm *1uak *1v2g 1v8l 1wk9 *1wrp 
1x6n 1xcw 1y2w 1yon 1yxt 1z3w 1zg3 2bu7 2d5a 2ei5 *2ejt 2oxd *2x1t 2z1s 
*2zlz *2zy1 3aar *3acd *3baz 3cj7 3csj *3cuf *3d5i *3eha *3erk 3go6 3jyn 
*3sli 4a3h *7jdw 
1b8v 1bq4 1br5 *1bzs 1e8z *1eqc 1hon *1ikg *1it8 1j1s 1jso 1lee 1lif 
*1lnm 1loo *1nx3 *1ra1 *1s5o *1tqm *1uak *1v2g 1v8l 1wk9 *1wrp 
1x6n 1xcw 1y2w 1yon 1yxt 1z3w 1zg3 2bu7 2d5a 2ei5 *2ejt 2oxd *2x1t 
2z1s *2zlz *2zy1 3aar *3acd *3baz 3cj7 3csj *3cuf *3d5i *3eha *3erk 
3go6 3jyn *3sli 4a3h *7jdw 
rDock 
1b8v 1bq4 *1br5 1bzs *1e8z *1eqc *1hon *1i1e *1ikg *1it8 *1j1s *1jso 
*1lee *1lif 1lnm 1loo 1nx3 *1ra1 *1rbp *1s5o *1tqm *1uak *1v2g 1v8l 
1wk9 1wrp *1x6n *1xcw *1y2w 1yon *1yxt *1z3w *1zg3 *2bu7 2d5a 2ei5 
2ejt 2oxd *2x1t 2z1s *2zlz 2zy1 3aar *3acd *3baz *3cj7 *3csj *3cuf *3d5i 
*3eha 3erk 3go6 *3jyn *3sli *4a3h *7jdw  
1b8v 1bq4 *1br5 1bzs *1e8z *1eqc *1hon *1ikg *1it8 *1j1s *1jso *1lee 
*1lif 1lnm 1loo 1nx3 *1ra1 *1s5o *1tqm *1uak *1v2g 1v8l 1wk9 1wrp 
*1x6n *1xcw *1y2w 1yon *1yxt *1z3w *1zg3 *2bu7 2d5a 2ei5 2ejt 
2oxd *2x1t 2z1s *2zlz 2zy1 3aar *3acd *3baz *3cj7 *3csj *3cuf *3d5i 
*3eha 3erk 3go6 *3jyn *3sli *4a3h *7jdw 
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N
A
T
I
V
E 
FLRP 
FlexAID 
1cz1(1eqc) 1e8y(1e8z) 1erk(3erk) 1gpi(1z3w) *1i76(1bzs) *1iq8(1it8) 
*1j1q(1j1s) 1j4b(1loo) 1jam(2oxd) *1jrl(1v2g) *1jsm(1jso) 1kxo(1lnm) 
*1nm8(1s5o) 1nx2(1nx3) 1nzj(2zlz) 1py3(3d5i) 1rtc(1br5) *1sll(3sli) 
1tqi(1tqm) *1wka(1wk9) 1xqz(1yxt) 1y2v(1y2w) 1zhf(1zg3) 2btz(2bu7) 
2dul(2ejt) 2ebg(2ei5) 2j1x(2x0u) 2jdw(7jdw) *2uyo(2uyq) *2vk5(2bf6) 
2zco(2zy1) 3acb(3acd) 3pte(1ikg) 3wrp(1wrp) 4pgm(1bq4) 
1cz1(1eqc) 1erk(3erk) *1i76(1bzs) *1j1q(1j1s) *1jrl(1v2g) 1kxo(1lnm) 
*1nm8(1s5o) 1nx2(1nx3) 1nzj(2zlz) 1rtc(1br5) *1sll(3sli) 1tqi(1tqm) 
2dul(2ejt) 2jdw(7jdw) 2zco(2zy1) 3acb(3acd) 3pte(1ikg) 3wrp(1wrp) 
Vina 
16gs(3csj) *1a3h(4a3h) 1adi(1hon) 1b8p(1b8v) *1bsi(1xcw) 1cz1(1eqc) 
1e8y(1e8z) 1erk(3erk) 1gpi(1z3w) 1gqv(2c05) 1i76(1bzs) 1iq8(1it8) 
1j1q(1j1s) 1j4b(1loo) 1jks(3eha) *1jrl(1v2g) 1jsm(1jso) 1ks9(1yon) 
1kxo(1lnm) 1nm8(1s5o) 1nx2(1nx3) 1nzj(2zlz) 1py3(3d5i) 1rtc(1br5) 
1sll(3sli) 1tqi(1tqm) *1uaj(1uak) 1wka(1wk9) 1x6l(1x6n) 1xqz(1yxt) 
*1y2v(1y2w) 1zhf(1zg3) 2btz(2bu7) 2d59(2d5a) 2dul(2ejt) 2exo(3cuf) 
2j1x(2x0u) 2jdw(7jdw) 2uyo(2uyq) 2vk5(2bf6) 2x16(2x1t) 2zco(2zy1) 
3acb(3acd) 3ado(3adp) *3ba1(3baz) 3cj1(3cj7) 3f9q(1lee) 3go7(3go6) 
3jyl(3jyn) *3pte(1ikg) 3wrp(1wrp) 4pgm(1bq4) 5dfr(1ra1) 
1cz1(1eqc) 1erk(3erk) 1i76(1bzs) 1j1q(1j1s) *1jrl(1v2g) 1kxo(1lnm) 
1nm8(1s5o) 1nx2(1nx3) 1nzj(2zlz) 1rtc(1br5) 1sll(3sli) 1tqi(1tqm) 
2dul(2ejt) 2jdw(7jdw) 2zco(2zy1) 3acb(3acd) *3pte(1ikg) 3wrp(1wrp) 
FlexX 
1brq(1rbp) 1cz1(1eqc) 1erk(3erk) 1i76(1bzs) *1iq8(1it8) *1j1q(1j1s) 
1jks(3eha) 1jrl(1v2g) 1kxo(1lnm) *1nm8(1s5o) 1nx2(1nx3) *1nzj(2zlz) 
1py3(3d5i) 1rtc(1br5) 1sll(3sli) 1tqi(1tqm) 1uaj(1uak) 1wka(1wk9) 
*2dul(2ejt) 2exo(3cuf) 2jdw(7jdw) *2x16(2x1t) 2zco(2zy1) *3acb(3acd) 
3ba1(3baz) 3jyl(3jyn) 3pte(1ikg) 3wrp(1wrp) 5dfr(1ra1) 
1cz1(1eqc) 1erk(3erk) 1i76(1bzs) *1j1q(1j1s) 1jrl(1v2g) 1kxo(1lnm) 
*1nm8(1s5o) 1nx2(1nx3) *1nzj(2zlz) 1rtc(1br5) 1sll(3sli) 1tqi(1tqm) 
*2dul(2ejt) 2jdw(7jdw) 2zco(2zy1) *3acb(3acd) 3pte(1ikg) 3wrp(1wrp) 
rDock 
*16gs(3csj) *1a3h(4a3h) 1adi(1hon) 1alb(1lif) 1brq(1rbp) *1bsi(1xcw) 
1cz1(1eqc) 1e8y(1e8z) 1erk(3erk) 1gpi(1z3w) 1i76(1bzs) *1iq8(1it8) 
*1j1q(1j1s) 1jks(3eha) *1jrl(1v2g) *1jsm(1jso) 1kxo(1lnm) 1nm8(1s5o) 
1nx2(1nx3) 1nzj(2zlz) 1py3(3d5i) 1rtc(1br5) 1s0d(1i1e) *1sll(3sli) 
1tqi(1tqm) *1uaj(1uak) 1v8i(1v8l) 1x6l(1x6n) 1xqz(1yxt) *1y2v(1y2w) 
1zhf(1zg3) 2btz(2bu7) 2dul(2ejt) 2ebg(2ei5) *2exo(3cuf) 2jdw(7jdw) 
*2x16(2x1t) *2zco(2zy1) 3acb(3acd) 3ba1(3baz) 3cj1(3cj7) 3f9q(1lee) 
3go7(3go6) 3jyl(3jyn) 3pte(1ikg) 3wrp(1wrp) 4pgm(1bq4) *5dfr(1ra1) 
1cz1(1eqc) 1erk(3erk) 1i76(1bzs) *1j1q(1j1s) *1jrl(1v2g) 1kxo(1lnm) 
1nm8(1s5o) 1nx2(1nx3) 1nzj(2zlz) 1rtc(1br5) *1sll(3sli) 1tqi(1tqm) 
2dul(2ejt) 2jdw(7jdw) *2zco(2zy1) 3acb(3acd) 3pte(1ikg) 3wrp(1wrp) 
FLFP 
FlexAID *1cz1(1eqc) *1e8y(1e8z) 1erk(3erk) 1gpi(1z3w) 1i76(1bzs) *1iq8(1it8) *1j1q(1j1s) 1j4b(1loo) 1jam(2oxd) *1jrl(1v2g) *1jsm(1jso) *1kxo(1lnm) 
*1nm8(1s5o) 1nx2(1nx3) 1nzj(2zlz) *1py3(3d5i) 1rtc(1br5) *1sll(3sli) 
1tqi(1tqm) *1wka(1wk9) 1xqz(1yxt) 1y2v(1y2w) 1zhf(1zg3) *2btz(2bu7) 
2dul(2ejt) 2ebg(2ei5) 2j1x(2x0u) *2jdw(7jdw) *2uyo(2uyq) *2vk5(2bf6) 
2zco(2zy1) 3acb(3acd) 3pte(1ikg) 3wrp(1wrp) 4pgm(1bq4) 
*1cz1(1eqc) 1erk(3erk) 1i76(1bzs) *1j1q(1j1s) *1jrl(1v2g) *1kxo(1lnm) 
*1nm8(1s5o) 1nx2(1nx3) 1nzj(2zlz) 1rtc(1br5) *1sll(3sli) 1tqi(1tqm) 
2dul(2ejt) *2jdw(7jdw) 2zco(2zy1) 3acb(3acd) 3pte(1ikg) 3wrp(1wrp) 
Vina *1a3h(4a3h) *1b8p(1b8v) *1bsi(1xcw) *1cz1(1eqc) 1e8y(1e8z) 1erk(3erk) 1gpi(1z3w) 1gqv(2c05) 1i76(1bzs) *1j1q(1j1s) 1j4b(1loo) 1jks(3eha) 
*1jrl(1v2g) *1jsm(1jso) 1ks9(1yon) *1kxo(1lnm) 1nm8(1s5o) 1nx2(1nx3) 
1nzj(2zlz) 1rtc(1br5) 1sll(3sli) 1tqi(1tqm) 1uaj(1uak) *1wka(1wk9) 
1x6l(1x6n) 1xqz(1yxt) 1zhf(1zg3) 2btz(2bu7) 2d59(2d5a) *2dul(2ejt) 
2exo(3cuf) *2jdw(7jdw) 2uyo(2uyq) *2vk5(2bf6) *2zco(2zy1) 3acb(3acd) 
*3ado(3adp) *3ba1(3baz) 3cj1(3cj7) 3f9q(1lee) 3jyl(3jyn) 3pte(1ikg) 
3wrp(1wrp) 5dfr(1ra1) 
*1cz1(1eqc) 1erk(3erk) 1i76(1bzs) *1j1q(1j1s) *1jrl(1v2g) *1kxo(1lnm) 
1nm8(1s5o) 1nx2(1nx3) 1nzj(2zlz) 1rtc(1br5) 1sll(3sli) 1tqi(1tqm) 
*2dul(2ejt) *2jdw(7jdw) *2zco(2zy1) 3acb(3acd) 3pte(1ikg) 3wrp(1wrp) 
rDock 16gs(3csj) *1a3h(4a3h) 1adi(1hon) 1alb(1lif) 1brq(1rbp) *1bsi(1xcw) 1cz1(1eqc) 1e8y(1e8z) 1erk(3erk) 1gpi(1z3w) 1i76(1bzs) *1iq8(1it8) 
*1j1q(1j1s) 1jks(3eha) *1jrl(1v2g) *1jsm(1jso) 1kxo(1lnm) 1nm8(1s5o) 
1nx2(1nx3) 1nzj(2zlz) 1py3(3d5i) 1rtc(1br5) 1s0d(1i1e) *1sll(3sli) 
1tqi(1tqm) *1uaj(1uak) 1v8i(1v8l) 1x6l(1x6n) 1xqz(1yxt) *1y2v(1y2w) 
1zhf(1zg3) 2btz(2bu7) 2dul(2ejt) 2ebg(2ei5) *2exo(3cuf) 2jdw(7jdw) 
2x16(2x1t) 2zco(2zy1) *3acb(3acd) 3ba1(3baz) 3cj1(3cj7) 3f9q(1lee) 
3go7(3go6) 3jyl(3jyn) 3pte(1ikg) 3wrp(1wrp) 4pgm(1bq4) 5dfr(1ra1) 
1cz1(1eqc) 1erk(3erk) 1i76(1bzs) *1j1q(1j1s) *1jrl(1v2g) 1kxo(1lnm) 
1nm8(1s5o) 1nx2(1nx3) 1nzj(2zlz) 1rtc(1br5) *1sll(3sli) 1tqi(1tqm) 
2dul(2ejt) 2jdw(7jdw) 2zco(2zy1) *3acb(3acd) 3pte(1ikg) 3wrp(1wrp) 
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a Entries that are marked with an asterisk represent successes according to Figures 4 and 6. 
b The PDB code in parenthesis represents the native protein structure associated to the non-
native structure used for the simulation. 
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Annexe C – Données supplémentaires du projet sur la Matriptase-2 
Figures supplémentaires 
 
 
Bilan Ki composé Enamine-1 - Matriptase/Matriptase-2 
 
Composé Enamine­1 : T0501­6952 
Concentrations d’inhibiteur utilisées : 0, 8.25, 16.5 et 33 µM 
Concentration Boc­QAR­AMC utiliséées : 20, 40, 60, 100, 160, 200, 300 et 400 µM 
Concentration de matriptase : 0.25 nM 
Concentration de matriptase­2 : 0.25 nM 
 
Cinétique de 2h avec lecture toutes les 30 secondes. 
Température : 25 ℃ 
Matriptase-2 
Nombre de N : 4 
 
Ki = 180.4 ± 45.5 µM 
 
Ki = 325.6 ± 58.4 µM 
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Figure S1. Essais de liaison du fragment T0501-6952 (Enamine-1) contre la Matriptase-2 
(Mat2) à concentration croissante de substrat (Boc-QAR-AMC).  
 
Ki = 245.6 ± 44.2 µM 
 
Ki = 218.9 ± 36.4 µM 
 
 
Ki N1  Ki N2  Ki N3  Ki N4 
180.4 µM  325.6 µM  245.6 µM  218.9 µM 
Ki = 242.6 ± 61.5 
 
 
Le mécanisme de préférence est du type non­compétitif (I se fixe à E ou ES sans préférence),                                 
ce qui est en accord avec le composé testé. Dans ce type d’inhibition, on observe une                               
diminution de v​max​ lorsque [I] augmente sans que le Km soit modifié. 
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Figure S2. Essais de liaison du fragment T0501-6952 (Enamine-1) contre la Matriptase 
(Mat) à concentration croissante de substrat (Boc-QAR-AMC).  
 
Matriptase 
Nombre de N : 3 
 
Ki = N/A 
 
Ki = 449.8 ± 201.9 µM 
 
Ki = N/A 
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Annexe D – Données supplémentaires de l’article 3 
Figures supplémentaires 
 
 
Figure S1. The GetCleft interface consists of three panels (overlaid above the PyMOL 
structure explorer): Generate, Partition and Volume. The Generate panel (top left) permits 
the detection of possible cavities shown as surfaces sorted by decreasing volume (PDB: 
4A6E). The largest cleft detected  (shown in transparent red) have been cropped within the 
Partition panel (not shown) in order to precisely define the active binding site that will be 
used for docking simulations (4a6e_sph1_pt_1 shown in bold red overlaying the original 
binding site 4a6e_sph_1 shown in transparent red). The volumes of the cavities are 
estimated in cubic Ångström units (Å3) within the Volume panel (top right). 
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Figure S2. The FlexAID interface consists of multiple configuration panels: Input Files, 
Target Configuration, Ligand Configuration and Simulation. The Advanced View option 
allows the configuration of additional Scoring and Genetic Algorithm parameters. The 
Simulate panel (shown at the top left with Advanced View enabled) generates and displays 
the TOP results as the simulation progresses, thus the user visualizes in real time the 
optimization of the binding poses predicted by FlexAID in PyMOL. The Simulate Panel 
(top left) and the PyMOL view of TOP results (at the right side) is displayed above. The 
pose of reference (colored in purple in the PyMOL view) was generated by extracting the 
ligand S-Adenosyl-Methionine (SAM) from the Protein Kinase A (PKA) crystal structure 
(PDB: 4A6E) using the Input Files panel prior to the simulation. In the figure above, the 
best nine results are displayed in the Simulate panel with their corresponding colors, 
scoring, fitness and RMSD values. They are also displayed in PyMOL with their carbon 
atoms colored as indicated in the Color column of FlexAID Simulate panel. The binding 
site defined by the user in GetCleft is shown as a red transparent surface. The best solutions 
predicted by FlexAID are displayed in PyMOL when the simulation ends and potential 
intermolecular hydrogen bonds are added, as shown at the bottom of the figure above. 
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1. THE NRGSUITE 
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1.1. Getting started 	
The NRGsuite is a suite of tools developed in the laboratory of Dr. Rafael Najmanovich in 
Université de Sherbrooke (Québec). 
 
The NRGsuite, FlexAID and Process_Ligand are developed and maintained by Francis 
Gaudreault and Louis-Philippe Morency. The GetCleft algorithm was developed by Rafael 
Najmanovich but maintained by Francis Gaudreault. The volume_calc algorithm was 
developed by Dominic Duchêne. 
 
This guide was written by Francis Gaudreault. 
 
Special thanks to: 
• Eugène Morin for great technical assistance 
• Félix Morency for good technical tips and advices 
• Pierre Lavigne for agree-ing on using the NRGsuite as an academic tool 
• Students of the PHR608 course in Université de Sherbrooke for contributing in 
making the software better through the years. 	
Compatibility 	
The suite has been extensively tested on Linux 32/64-bit, Windows 32/64-bit and MacOS 
64-bit machines with free-for-academic PyMOL versions 1.2/1.3 as well as PyMOL 
versions 1.6/1.7. 
 
PyMOL uses its own version of Python to function and the NRGsuite requires at least 
Python version 2.5 to work properly. Therefore, PyMOL versions 1.0/1.1 are currently 
unsupported by the NRGsuite. Moreover, the NRGsuite is also incompatible on Linux 32-
bit with the educational and pre-compiled PyMOL build v1.3r1. 
 
Make sure you use the latest version as listed on our website: 
http://bcb.med.usherbrooke.ca/FlexAID 
 
If you wish to view the version you are currently using, open the About menu (see section 
1.9). 
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1.2. Installing the NRGsuite 	
The NRGsuite comes with pre-compiled executables, so make sure you downloaded the 
package for the right operating system. 
 
Installing the NRGsuite package requires administrator rights and consists in two steps A 
and B. 	
1.2.1. Installing the NRGsuite on your hard drive 	
Under Windows 	
Double-click the NRGsuite_Win<32/64>.exe installer and install. The default location is “C:\Program Files”. 
Under MacOSX 	
Double-click the NRGsuite_MacOSX<4+/5+>.pkg installer and install the package in its 
default location. The default location is “/Applications/NRGsuite”.  
Under Linux 	
Open up a terminal and move to the directory in which you downloaded the archive 
NRGsuite_Linux<32/64>.tar, and execute the following commands: 
  
 tar -xvf NRGsuite_Linux<XX>.tar 
 sh install.sh NRGsuite.tar.gz 
 
The default location is “/usr/local/NRGsuite”. Therefore, superuser privileges (sudo) are 
required for installing the NRGsuite. To override the default location, open install_linux.sh 
with any text editor and change the value of INSTALL_PATH with the desired location. 	
1.2.2. Installing the NRGsuite in PyMOL 	
** The following step is only required on MacOSX machines.  
 
By default, PyMOL on MacOSX is run by clicking the application “MacPyMOL”. 
However, you need to rename “MacPyMOL” with “PyMOLX11Hybrid” considering the 
X11 interface is required for the following steps. 
 
 
Open PyMOL and in the upper menu click the following buttons: 
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 Plugin -> Manage Plugins -> Install… 
 
 
 
Browse to the directory in which you installed the NRGsuite on your hard drive (see step 
A), and double-click the following file: 
 
 NRGsuite -> Plugin -> NRGsuite.py 
 
 
 
 
Restart PyMOL and the NRGsuite menu should appear in the Plugin menu: 
 
 Plugin -> NRGsuite 
 
 
 
You are now ready to work with the NRGsuite. 	 	
  
210 
210 
1.3. The project environment 	
The work environment of the NRGsuite is project-oriented. A project has to be activated in 
order to access the two main interfaces FlexAID and GetCleft.  
 
The directory-tree “Documents/NRGsuite” is automatically created in the home folder upon 
initialization of the NRGsuite plugin in PyMOL. This folder represents the default location 
in which the different projects of $USER are held (where $USER refers to the currently 
logged-in user on the system). Depending on the operating system, this folder is located at: 	
Under Windows 	
Vista and higher: “C:\Users\$USER\Documents\NRGsuite” 
Older: “C:\Documents and Settings\$USER\Documents\NRGsuite” 
 
** Do not confuse “Documents” with “My Documents” 	
Under MacOSX 	“/Users/$USER/Documents/NRGsuite” 
 
Under Linux 	“/home/$USER/Documents/NRGsuite” 
 
 
When a project is activated, the objects you work with can only be saved within that active 
project. Only Target and Ligand object types are automatically saved in your project folder 
when loaded elsewhere on the computer. 
 	
  
211 
211 
1.3.1. The hierarchy of a project 	
The NRGsuite uses a fixed hierarchy of folders to manage the content of a project: 
 
 Project/ 
  Cleft/ 
  FlexAID/ 
   .Save/ 
   .Temp/ 
   Binding_Site/ 
   Ligand/ 
   Results/ 
   Session/ 
   Simulation/ 
   Target_Flexibility/ 
  GetCleft/ 
   .Save/ 
   .Temp/ 
  Target/ 
 
The Cleft/ folder contains the cleft objects. A subfolder is created for each target. Cleft 
objects use the extension .nrgclf for “Najmanovich Research Group Cleft”. 
 
The FlexAID/Binding_Site/ folder contains the binding-site objects. A subfolder is created 
for each target. Binding-site objects use the .nrgbs for “Najmanovich Research Group 
Binding-Site”. 
 
The FlexAID/Ligand/ folder contains the ligand files. The supported ligand file formats that 
can be processed are the following: PDB, MOL, MOL2, SDF and SMI. 
 
The FlexAID/Results/ folder contains the results objects. A subfolder is created for each 
complex (the target-ligand combination). Results objects use the extension .nrgfr for “Najmanovich Research Group FlexAID Results”. 
 
The FlexAID/Results/ folder contains the session objects. Session objects use the extension 
.nrgfs for “Najmanovich Research Group FlexAID Session”. 
 
The FlexAID/.Save/ and FlexAID/.Temp/ folders contain the session files. The user should 
never edit the content of that folder. 
 
The FlexAID/Simulation/ folder contains the input and output files of docking simulations. 
A subfolder is created for each complex from which subfolders are created using the 
timestamp of simulations. The user should never edit the content of that folder. 
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The FlexAID/Target_Flexibility/ folder contains the target flexibility objects. A subfolder is 
created for each target. Target flexibility objects use the extension .nrgtf for “Najmanovich 
Research Group Target Flexibility”. 
 
The GetCleft/.Save/ and GetCleft/.Temp/ folders contain the files pointed by un-saved and 
saved cleft objects. The user should never edit the content of that folder. 
 
The Target/ folder contains the target files. The only supported format is PDB.  
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1.3.2. Creating a new project 
�
The create project interface is accessible by clicking the following button in the NRGsuite 
menu: 
 
 Plugin -> NRGsuite -> New Project 
 
 
 
Name the project in the �Project name��section and click the �Create��button. 
By default, a project is saved at its default location (see Section 1.3), but you can override 
the default location by unchecking �Use default��and clicking the �Browse��button to select 
your directory of choice. 
 
The project will automatically be loaded when created.  
�
�
� �
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1.3.3. Loading an existing project 
�
The load project interface is accessible by clicking the following button in the NRGsuite 
menu: 
 
 Plugin -> NRGsuite -> Load Project 
 
 
 
The projects of the currently logged-in user are listed in order of last time used. To load a 
project, simply click on the project in the list and click the �Load��button. A default project 
called �Example��is created the first time the NRGsuite is initialized. 
�
�
� �
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1.3.3. The example project 
�
Throughout this guide, we use as example the PDB 1SQN. The crystal structure represents 
the Ligand binding domain of the Progesterone Receptor (cyan) bound to an agonist called 
Norethindrone (green).  
 
 
 
The residue code name of Norethindrone in 1SQN is NDR. We use that code to refer to the 
ligand. 
� �
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1.4. Working with the FlexAID and GetCleft interfaces 	
Once an object has been imported into an interface do not delete, rename or modify it in the 
PyMOL viewer, as there is no way of tracking such events. Otherwise, such events may 
results in unexpected errors. 
 
Do not delete/rename/alter/modify reserved objects created in the PyMOL viewer by the 
NRGsuite (capitalized and ending with ‘__’). You can disable/enable these objects to make 
them appear/disappear as you like. These reserved objects are the following: 	
• LIGAND__ 
• TARGET__ 
• ANCHOR_LIGAND__ 
• FLEXIBLE_LIGAND__ 
• POSS_FLEX_BONDS__ 
• HIGHLIGHT_ATOM__ 
• SELECTED_BONDS__ 
• FLEXIBLE_SIDE_CHAINS__ 
• HIGHLIGHT_RESIDUE__ 
• CONSTRAINT_LIGAND__ 
• ACTIVE_CONS__ 
• CONS_<X>__ 
• DISTANCE_OBJECT__ 
• SPHERE__ 
• BINDINGSITE_AREA__ 
• TOP_<X>__ 
• RESULT_<X>__ 
• RESULT_<X>_H_BONDS__ 
• PARTITION_AREA__ 
• SPHERE_PT_AREA__ 	
, where <X> is a numerical value 
 
Do not name one of your objects with a reserved object name. 		 	
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1.5. The object/selection widget 	
The object/selection widget lists the objects and selections (appearing with parentheses) 
available from the PyMOL viewer (on the left). The widget allows you to interact with the 
FlexAID (on the right) and GetCleft interfaces with molecules from the PyMOL viewer.  
 
 
 
If an object does not appear in the widget, click the “Refresh” button to refresh the list of 
object and selections from PyMOL. 
 
Some objects may not appear in the widget such as: 	
• clefts objects containing the tag “_sph_” 
• reserved objects used by the NRGsuite (see section 1.4) 
• PyMOL picking selections 
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1.6. The Wizards 
 
Through the FlexAID and GetCleft interfaces, you will eventually need to work with 
Wizards. Upon activation of a Wizard, the interface that called the Wizard will be locked 
and you will need to interact with the PyMOL viewer instead. 
 
Each Wizard is unique and waits for a different input from the user. The type of input is 
clearly written on top of the PyMOL viewer. 
�
�
�
In order to accommodate the different types of input as well as to facilitate working with 
the Wizard, activating a Wizard may alter: 
�
•� The selection mode (“Selecting”) 
•� The mouse mode (“Mouse Mode”)                          
•� The PyMOL view 
•� The masking of your objects (un-clickable)  
�
 
 
However, these will be reset to your original values once the Wizard turns inactive. 
The user can also interact with the Wizard menu on the right. 
�
�
�
The Wizard will remain active until the user clicks the �Done��button in the menu.  
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1.7. The Validators 	
Through the FlexAID or GetCleft interfaces, the user may be asked to input numerical or 
literal values.  
 
 
 
The input is validated as the user modifies the value. You cannot go further through the 
interface whenever an error is tracked (appears as red). The error is described in the 
message box of the interface. 
 
 
 
 
 
 
Errors may vary depending on the input of the user. 
 
 
 
 
 
 
When a literal value has to be inputted, only the following characters can be used: 	
• Alpha-numeric characters (A-Z, a-z and 0-9) 
• The following signs: _ - . 	
When the literal value is the name of a PyMOL object, the value has to begin with an 
alpha-numerical character and must not contain any spaces. 	 	
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1.8. The Preferences 	
The Preferences menu can be accessed through the NRGsuite menu. 
 
The NRGsuite uses a common font for all of its interfaces. Users can override the default 
set to it to their desired font type/size. 
 
 
 
 
 
 
 
Users can also set options specific to the FlexAID interface. 
 
 
  
 
 
 
When a ligand gets processed (see section 2.3.4), all of its flexible bonds are set as rigid by 
default, to make them as flexible simply check the first checkbox. 
 
By default, the advanced view of the FlexAID interface is hidden (see section 2.1). To 
make it visible by default check the second checkbox.  
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1.9. The About 
�
The About menu can be accessed through the NRGsuite menu. 
 
The menu displays information about the developers and the version of the NRGsuite 
package currently installed. 
�
� �
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2. THE FLEXAID INTERFACE 		 	
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2.1. Getting started 
�
FlexAID is a docking algorithm that simulates the binding of a ligand to a target. The target 
can either be a protein or nucleic acid. The FlexAID interface permits to adjust the 
parameters of FlexAID in a convenient environment. 
 
The FlexAID interface contains a menu from which you can save/load sessions. For more 
information on sessions, see section 2.2. The basic view of the interface contains 4 tabs: 
Input Files, Target Config, Ligand Config and Simulate. The functionalities of each tab is 
reviewed in details in the following sections. 
 
 
 
You can toggle between the Basic and Advanced views by clicking the button: 
 
Show/Hide -> Advanced View 
 
 
 
Two extra tabs are available in the Advanced view: Scoring Config and Genetic Algorithm 
Params.  
 
 
 
A message box appears to hint you as going through the interface as well as informing of 
any errors that may occur. 
 
You can reset the default values in the active tab (highlighted in blue) by clicking the 
�Default��button. You can close the FlexAID interface by clicking the �Close��button. 
�
�
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2.2. Working with sessions 	
A session within the FlexAID interface allows you to store and retrieve the content of all 
tabs (see section 2.1). The content of a session includes: 	
• file references pointing to the target, the ligand 
• the binding-site definition 
• the target flexibility 
• the results of a simulation 
• values in each of the tabs 
	
Sessions are particularly useful when you want to reproduce a simulation multiple times 
with the same parameters. 
 
** Do not confuse a FlexAID interface session with a PyMOL session (using the extension 
.pse). 
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2.2.1. Saving a session 	
To save a session, you can either click the buttons: 
 
Save -> Save session  
Save -> Save session as… 
 
 
 
The “Save session as…” button allows you to save under a specific name. You cannot save 
a session elsewhere from the suggested directory. 
 
The “Save session” button allows you to save a session under the name it was previously 
saved under. Thus, this will overwrite the currently saved session by the new one. In the 
case a session is loaded, this button will not overwrite the loaded session but rather has the 
same effect than “Save session as…”. 	 	
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2.2.2. Loading an existing session 	
To load a session, click the following button: 
 
Load -> Load session 
 
 
 
The “Load session” opens up the Session directory of the currently active project (see 
section 1.3). A session loaded elsewhere from the suggested directory will not be copied 
into your Session directory because the referenced files belong to another project. 
 
We strongly suggest you naming correctly the objects you work with and not overwriting 
existing files when saving to avoid corrupting your saved sessions.  
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2.3. The Input Files tab 	
To activate the “Input Files” tab, click the corresponding tab.  	
			
The functionalities of this tab are to: 	
• Import molecules (the target and the ligand) 
• Displaying molecules 
• Resetting molecules 
• Generating 3D structures of a ligand 
• Changing the anchor atom of a ligand 	 	
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2.3.1. Importing the molecules 
�
By default, new objects introduced into PyMOL are loaded into state 1. If an object of the 
same name already appears, it is appended to the next state. If you load a NMR solution, 
each model will appear into separate states. You can switch states as follows: 
 
 
 
 
 
When importing a molecule in the FlexAID interface, make sure your object exists on the 
currently active state. If it does not exist, you may encounter the following error:  �ERROR 
for object/selection '$OBJECT': The object must have at least (5) heavy atoms)�. 
� �
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2.3.1.1. Importing the target 	
FlexAID can handle a protein or a nucleic acid as target molecule. FlexAID will 
automatically detect the type of macromolecule imported. 
 
There are 2 ways of importing a target into the FlexAID interface. 	
Saving from the object/selection widget  	
Make sure you select the right name corresponding to your target in the object/selection 
widget, then click the “Save as target” button. 
  
 
 
You can rename the object/selection under a different name upon saving. When renamed, 
the object/selection will also be renamed under PyMOL. You cannot save a target 
elsewhere from the suggested directory. 	
Loading an existing file 	
The “Load” button next to “THE TARGET” opens up the Target directory of the currently 
active project (see section 1.3). A target loaded elsewhere from the suggested directory will 
be automatically copied into your Target directory. 
 
 
 
 
When a target is imported successfully, its name will appear in “THE TARGET” box. 
This name will be referred as $TARGET throughout this guide. 	
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2.3.1.2. Importing the ligand 
�
FlexAID can handle all types of small molecules. However, the molecule must not exceed 
100 heavy atoms (non-Hydrogen). 
 
There are 4 ways of importing a ligand into the FlexAID interface. 
�
Saving from the object/selection widget  
�
Make sure you select the right name corresponding to your ligand in the object/selection 
widget, then click the �Save as ligand��button. 
  
 
 
You can rename the object/selection under a different name upon saving. When renamed, 
the object/selection will also be renamed under PyMOL. You cannot save a ligand 
elsewhere from the suggested directory. 
 
Saving an object/selection as a ligand is a valid approach in the case where the target is not 
bound to any ligand in the binding pocket of interest. 
 
If you want to dock a ligand back into its binding pocket and your target is already bound 
to that ligand, you will not be able to do so. Thus, it is essential that the target and the 
ligand are dissociated and form 2 distinct objects. 
 
In our example, by using the �Save as ligand��button on a selection of the ligand NDR, a 
new ligand object would be created (here also named �NDR�). However, the object �1sqn��
representing our target would still be bound to the ligand. 
�
�
�
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�
Two options are available to us to dock a ligand back into its pocket. 
 
1) Use �Extract as ligand� rather than using �Saving as ligand� 
2) Use the advanced feature �Include HET groups� (see section 2.6) 
Extracting from the object/selection widget  
�
Make sure you select the right name corresponding to your ligand in the object/selection 
widget, then click the �Extract as ligand��button. 
  
 
 
You can rename the object/selection under a different name upon saving. When renamed, 
the object/selection will also be renamed under PyMOL. You cannot save a ligand 
elsewhere from the suggested directory. 
 
It is important to note that extracting a ligand will dissociate the selection from the object 
and create 2 distinct objects. 
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We suggest you import your ligand first when an extraction is required. The extraction of a 
ligand from a target alters the target object. Thus, if the target object was imported into the 
FlexAID interface before the extraction, you need to update your target object and re-save 
it under a proper name such as 1sqn_noNDR. 
�
Loading an existing file 
�
The �Load��button next to �THE LIGAND��opens up the Ligand directory of the currently 
active project (see section 1.3). A ligand loaded elsewhere from the suggested directory 
will be automatically copied into your Ligand directory. 
�
�
�
Generating a ligand from a SMILES string 
�
It is feasible to input a SMILES to import a ligand by clicking the �Input��button. 
 
 
 
A new window will pop up and asks you for the SMILES string as well as the name for the 
new object that will be created. 
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When you are ready to import the SMILES string, click the �Enter��button. The conversion 
process may take a couple of seconds to a few minutes depending on the size of the 
molecule because a three-dimensional conformation of the ligand is generated. 
 
 
 
 
 
When a ligand is imported successfully, its name will appear in �THE TARGET��box. This 
name will be referred as $LIGAND throughout this guide. 
 
 
 
The ligand is now ready to be processed. 
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2.3.2. Displaying the molecules 	
If your target or ligand objects do not appear anymore in the PyMOL viewer anymore, it is 
possible to make them re-appear. 
 
To display the target, click the “Display” button next to “THE TARGET”. 
 
  
 
To display the ligand, click the “Display” button next to “THE LIGAND”. 
 
 
 
If an object is already appearing, this button will simply zoom on the object.  
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2.3.3. Resetting the molecules 	
If you want to clear the target, click the “Reset” button next to “THE TARGET”. 
 
 
 
 
 
Resetting the target will also reset the configuration of the ligand (see section 2.5) except 
for the ligand flexibility (see section 2.5.1.2). 
 
 
If you want to clear the ligand, click the “Reset” button next to “THE LIGAND”. 	
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2.3.4. Processing the molecules 	
Once the target and the ligand are set, you have access to the other tabs. 
 
 
 
When the user activates another tab, the ligand and the target have to be processed. This 
process may take a few seconds to a few minutes depending on the size of the molecules. 
 
 
 
This process is necessary to derive 1) the atom types of the molecules, 2) the flexible bonds 
of the ligand and 3) to build the necessary input files that are required for executing a 
docking simulation with FlexAID. 
 
Every molecule you import need to be processed. Once a ligand has been processed, you do 
not need to process it again except in the following cases: 	
• The user toggles the 3D conformation checkbox (see section 2.3.5) 
• The anchor atom of the ligand was modified (see section 2.3.6) 	
The processing of the ligand creates a new object called LIGAND__ (reserved name see 
section 1.4) with newly generated coordinates when generating a 3D structure. 
The processing of the target creates the object TARGET__. 
 
Despite that Hydrogen atoms are removed from the ligand because FlexAID do not take 
them into account, they are considered during the minimization when generating a 3D 
structure.  
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2.3.5. Generating a 3D conformation of the ligand 
�
Molecules that are imported may be entirely planar and may require a minimization (using 
force-fields) prior docking to generate the 3D structure. In this example, we use a planar 
Pentane. 
 
  
 
To generate a 3D structure of your ligand, check �Generate 3D conformation�. 
 
  
 
During the processing of the ligand (see section 2.3.4), the ligand is minimized using force 
fields from OpenBabel.  
�
�� �
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2.3.6. Changing the anchor atom of the ligand 
�
** This feature is for advanced users only 
�
You can change the anchor atom of the ligand by clicking the �Anchor�� button next to 
�THE LIGAND�. 
 
 
 
Your ligand will appear as the object ANCHOR_LIGAND__. A wizard will open up 
waiting for you to click to a non-Hydrogen atom of your ligand. (see section 1.6) 
 
 
 
Once you activate an atom, that atom turns white. 
 
 
 
The �Reset anchor atom�� overwrites the active anchor atom with the previously saved 
anchor atom.  
 
The �Clear anchor atom�� button overwrites the previously saved anchor atom with the 
default atom. 
�
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2.4. The Target Config tab 	
To activate the “Target Config” tab, click the corresponding tab.  	
			
The functionalities of this tab are to: 	
• Define a binding-site for a target 
• Introduce flexibility in the target 	 	
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2.4.1. Defining the binding-site of the target 	
The following box is dedicated to the definition of binding-sites. 	
		
FlexAID can take as input 2 different types of binding-sites. 	
• A spherical shape 
• A combination of one or more cleft(s) 	
It is also possible to save your binding-site or to load an existing binding-site. 
 
A new object called BINDINGSITE_AREA__ is created when defining a binding-site. 
When the user starts a simulation, a three-dimensional grid (of spacing 0.375Å) is built 
within the volume of the binding-site. 
 
These grid vertexes serve as anchors for the anchor atom of the ligand. Thus, not 
necessarily all atoms of the ligand will be confined within the volume of the binding-site. 
 
The binding-site is reset when the $TARGET (see section 2.3.1.1) is modified in the Input 
Files tab.  
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2.4.1.1. Defining the binding-site using a sphere 
�
You can define your binding-site by using a spherical shape. You can build the binding-site 
by clicking the �SPHERE��radio button. 
 
 
 
 
 
By default, a sphere centered on your target is created. A sphere appearing as transparent 
blue-violet is not editable.  
 
 
 
If you wish to edit the origin and radius of the sphere, click the �Edit��button. The editable 
sphere object called SPHERE__, will appear as opaque red. A wizard will open up waiting 
for you to move and resize the sphere (see section 1.6). 
�
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�
�
You can move the sphere manually by holding: 
•� With a mouse: “Left Shift” key on your keyboard and Mouse 3 button on the mouse 
(usually the Wheel click).  
•� With a trackpad: “Left Ctrl” key and Left click on the trackpad. 
�
You can center the sphere on an existing PyMOL object/selection by clicking its name in 
the widget (see section 1.5). 
 
 
 
 
 
Dragging left and right the scale changes the radius of the sphere. 
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You can reset the origin and radius of the sphere to the values when the Wizard was 
activated, by clicking the �Reset��button in the Wizard menu. 
 
You can cancel the changes that were made and rebuild the binding-site using the 
previously saved binding-site by clicking the �Cancel��button. 
 
 
 
You can accept the changes that were made and build the new binding-site by clicking the 
�Done��button. 
�
� �
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2.4.1.2. Defining the binding-site using clefts 
�
You can define your binding-site using a combination of one or more clefts. Clefts are 
generated using the GetCleft interface (see section 3.3.2). You can build the binding-site by 
clicking the �CLEFT��radio button. 
 
 
 
 
 
To build on the binding-site using clefts, you need to import at least one cleft by clicking 
the �Import clefts��button. 
 
The �Import clefts��button opens up the Cleft directory of the currently active project (see 
section 1.3). However, if clefts were previously saved (see section 3.2.2) for your 
$TARGET (see section 2.3.1.1), the sub-directory Cleft/$TARGET is opened.  
 
Clefts loaded elsewhere from the suggested directory will not be copied into your Cleft 
directory. 
 
 
 
You can import multiple clefts at once. Once you selected your clefts, click the �Open��
button to import them. 
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Once imported, the clefts will appear in the clefts list: 
 
 
 
The active cleft is highlighted in red while other clefts are blue-violet. It is important to 
note that docking of the ligand will take place in all clefts in the clefts list and not only the 
active cleft. 
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You can manipulate the clefts by using the buttons in the “CLEFT” box. 
 
 
 “Clear” will delete all clefts in the clefts list. “Delete” will delete the active cleft. “Delete others” will delete all clefts except for the active cleft. 
 
In our example, if we wanted to dock back the NDR into its binding pocket, we could do 
the following: 	
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2.4.1.3. Pre-configured binding-sites 	
You can save your binding-site or load an existing one. 	
 	
Saving the binding-site 	
If you do not want to rebuild your binding-site every time you work with your target, you 
can save it by clicking the “Save” button. 
 
You can rename the binding-site under a different name upon saving. The default directory 
when saving a binding-site is Binding_Site/$TARGET (see section 2.3.1.1) of the currently 
active project (see section 1.3). You cannot save a binding-site elsewhere from the 
suggested directory. 	
Loading an existing binding-site 	
You can load an existing binding-site by clicking the “Load” button. 
 
The default directory when loading a binding-site is Binding_Site/$TARGET (see section 
2.3.1.1) of the currently active project (see section 1.3). A binding-site loaded elsewhere 
from the suggested directory will not be copied into your Binding_Site directory.  
 
 
Upon successful saving or loading, the binding-site name will appear: 	
			 	
  
249 
249 
2.4.2. Introducing flexibility in the target 	
Target flexibility can be introduced in the following box: 
 
 
 
You can render side-chains of a protein as flexible by clicking the “Add/Delete flexible  
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2.4.2.1. Adding a side-chain from the PyMOL viewer 
�
You can add side-chains by clicking the �Add/Delete flexible side-chains��button. 
 
 
 
A wizard will open up waiting for you to click on side-chains on your target protein to 
make them as flexible (see section 1.6). 
 
 
 
Make sure you show the �lines��display for your target protein object so you can click on the 
side-chain atoms. 
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Clicking on a side-chain will activate that side-chain (in white), meaning you can interact 
with it via the controls of the Wizard menu.  
 
 
 
You can make the side-chain as flexible during docking simulations by clicking the �Add 
the side-chain�� button. Once a side-chain has been added, the side-chain will appear in 
orange and its residue name will be displayed. 
 
 
 
Multiple side-chains can be added within the Wizard. 
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If you wish to remove a side-chain, activate it then click the �Delete the side-chain��button. 
 
 
 
The �Reset��button inactivates the active side-chain. 
 
The �Clear the side-chains��button will delete all side-chains set by the user. 
 
When the Wizard is inactivated, the number of flexible side-chains set by the user will be 
displayed. 
�
� �
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2.4.2.2. Adding a side-chain by its residue code 	
Each protein residue has a unique residue code consisting of: 	
• The three-letters-code of the amino acid 
• The residue number 
• The chain identifier of the residue 	
In the case where the chain identifier is null, use the hyphen identifier (e.g. ALA31-).  
 
When you already know the residue code of the side-chain, type its residue code in the 
following area and click “Enter”. 
 
 
 
 
 
The residue code gets validated to ensure the residue exists and does not miss atoms. If the 
validation fails, a description of the error appears in the message box. 
 
 
 
 
 
Make the appropriate changes when the validation fails then click the “Enter” button again. 
When the residue is added, your input residue code will disappear and the number of 
flexible side-chains set by the user is displayed on the left. 	 		
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2.4.2.3. Pre-configured target flexibility 	
You can save your target flexibility or load an existing one. 	
 	
Saving the target flexibility 	
If you do not want to set the flexibility of a target every time you work with your target, 
you can save it by clicking the “Save” button. 
 
You can rename the target flexibility under a different name upon saving. The default 
directory when saving a target flexibility is Target_Flexibility/$TARGET (see section 
2.3.1.1) of the currently active project (see section 1.3). You cannot save a target flexibility 
elsewhere from the suggested directory. 	
Loading an existing target flexibility 	
You can load existing target flexibility by clicking the “Load” button. 
 
The default directory when loading a target flexibility is Target_Flexibility/$TARGET (see 
section 2.3.1.1) of the currently active project (see section 1.3). A target flexibility loaded 
elsewhere from the suggested directory will not be copied into your Target_Flexibility 
directory. 		
Upon successful saving or loading, the target flexibility name will appear: 	
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2.5. The Ligand Config tab 	
To activate the “Ligand Config” tab, click the corresponding tab.  	
			
The functionalities of this tab are to: 	
• Include degrees of freedom for the ligand 
• Use the ligand as reference 
• Add constraints 				 	
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2.5.1. Including degrees of freedom for the ligand 	
The following box controls the degrees of freedom that can be introduced during the 
docking simulation: 	
		
The different degrees of freedom that can be introduced are: 	
• Translational degree of freedom 
• Rotational degree of freedom 
• Torsional bonds of the ligand 	
The degrees of freedom are reset when the $LIGAND (see section 2.3.1.2) is modified in 
the Input Files tab. 
 
By default, all ligand flexible bonds are treated as non-rotatable (rigid). To make them as 
flexible, see section 1.8. 
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2.5.1.1. Including ligand translation and rotation 	
By default, translational and rotational degrees of freedom are included. 	
  	
To exclude the translational or rotational degree of freedom, simply uncheck the 
corresponding checkbox: 	
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2.5.1.2. Including ligand flexibility 
�
When a ligand is imported, the molecule is considered as rigid during docking unless the 
user explicitly includes ligand flexibility. To include ligand flexibility, click the 
�Add/Delete flexible bonds��button. 
�
�
�
Your ligand will appear as the object FLEXIBLE_LIGAND__.  
The following objects are also created:  
�
•� POSS_FLEX_BONDS__ (to display the possible flexible bonds of the ligand) 
•� SELECTED_BONDS__ (to display the selected flexible bonds of the user). 
�
Do not interact with these last 2 objects. 
�
A wizard will open up waiting for you to click on the 2 atoms that define the flexible bond 
(see section 1.6). 
�
�
�
Flexible bonds appear in orange. Clicking on the 2 atoms that define the flexible bond the 
bond will render this bond as flexible during the docking simulation. The selected bonds of 
the user appear in white. 
�
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�
�
�
�
Rather than selecting all bonds manually, you can quickly select all flexible bonds by 
clicking the �Select all flexible bonds��button in the Wizard menu. 
�
The �Clear flexible bonds��removes all selected flexible bonds of the user. 
�
�
�
When the Wizard gets inactivated, the number of selected flexible bonds will be shown in 
the interface. 
�
� �
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2.5.2. Using the ligand as reference 	
In some situations, the user may wish to use the LIGAND__ object (see section 2.3.4) as 
reference pose during the docking simulation. This may particularly be the case when the 
user extracts a ligand from a bound complex and wants to dock the ligand back into its 
binding pocket (most commonly referred as self-docking). 	
By default, the Root-Mean-Square Deviation (RMSD) from a reference pose is inactivated. 		
		
If you wish to calculate the RMSD during the docking simulation, simply check “Ligand 
pose as reference”. 	
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2.5.3. Adding constraints 	
FlexAID allows the use of constraints to drive the genetic algorithm. 2 types of constraints 
can be added: 	
• Intra-molecular constraints (ligand-ligand or target-target) 
• Inter-molecular constraints (ligand-target) 	
The following box permits to manage the constraints. To add constraints click the “Add/Edit/Delete constraints” button. 	
		
Your ligand will appear as the object CONSTRAINT_LIGAND__.  
The following objects are also created:  
 
• ACTIVE_CONS__ (to display the active constraint) 
• CONS_X__ (to display each constraint separately) 
• DISTANCE_OBJECT__ (to display the constraint distance) 	
Do not interact with these last 3 objects. 	
A wizard will open up waiting for you to select 2 atoms that define the constraint (see 
section 1.6). Adding constraints between a ligand not yet bound to our target can be 
particularly tricky considering the molecules may be far away from each other. To 
overcome this issue, we suggest you preliminary dock your ligand into your binding pocket 
and extract the ligand from the result (see section 2.3.1.2).  	
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�
�
When the user selects 2 atoms to define a constraint, a constraint is created. The default 
constraint distance is the distance between the 2 atoms or 2.5��if the distance exceeds the 
limit of detection of contacts of 7.0��(in FlexAID).  
�
��
�
You can drag left or right the scale in the FlexAID interface to adjust the constraint distance 
of the active constraint. 
�
�
�
�
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�
�
�
�
�
�
�
�
�
You can add multiple constraints within the Wizard. 
�
��
�
The active constraint is shown in white while other constraints are in orange. You can 
move through the constraints by using the �Go to next active��and �Go to previous active��
buttons. 
�
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��
�
�
From the Wizard menu, you can delete the active constraint by clicking the �Delete active��
button.  
�
You can delete all constraints set by the user by clicking �Clear constraints�. 
�
The �Reset��button will reset the atom selection back to the first atom. 
�
�
�
When the Wizard gets inactivated, the number of constraints will be shown in the interface. 
�
�� �
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2.6. The Scoring Config tab 	
** This tab is for advanced users only 
	
To activate the “Scoring Config” tab, click the corresponding tab.  	
			
The functionalities of this tab are to: 	
• Exclude atoms that will be scored 
• Exclude and include bound molecules of the target 
• Adjust the permeability for soft-docking 
• Adjust the properties of the solvent 
• Alter the size of the search space 	 	
  
266 
266 
2.6.1. Including the heteroatoms of the target 	
The $TARGET may be bound to HET atoms (typing defined in the PDB as HETATM) 
including molecules such as 1) metals, 2) modified amino acids, 3) water molecules and 4) 
other ligands. It is possible to dock on the target while omitting or considering those HET 
groups using the following menu. 	
		
By default, water molecules are excluded during docking. Ordered water molecules may be 
important for bridging interactions. To include them, simply check the corresponding 
checkbox. 	
		
Other HET groups are included by default, to exclude them check “Exclude bound 
molecules”. 	
		
It is important to note that excluding bound molecules will exclude metals and ligands. 
However, we do not suggest using this option considering whole residues of the proteins 
(modified amino acids) are also excluded. 	 	
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2.6.2. Adjusting the soft-docking properties 	
Steric clashes occur when the distance between two atoms (non-bonded covalently) is 
smaller than the sum of their Van der Walls radii. The permeability allows the steric 
clashes to be slightly tolerated and not penalizing (referred as Soft-docking). By default, a 
permeability of 10% (0.1) is allowed before computing steric clashes.  	
		
You can modify the percentage of permeability as you wish. We do not suggest using 
permeability over 20%. 	
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2.6.3. Adjusting the properties of the solvent 	
FlexAID uses an implicit solvent model, i.e. areas that are not in contact with other atoms 
are considered being in contact with the solvent. You can adjust the properties of the 
solvent. Solvent type can either be “No type” or “Type-based”. By default, the solvent type 
is set to “No type”. 	
		
As “No type”, the solvent forms interactions independently of the atoms type in contact 
with. By default, the solvent term is set to a positive value (5.0), thus all interactions with 
the solvent are unfavourable. This forces the ligand to anchor deeply into the target cavities. 
A negative value makes all interactions with the solvent as favourable. The solvent would 
have no impact with a null value (0.0). You can adjust the solvent term as you wish. 	
		
It is possible to toggle to solvent type “Type-based”. 	
		
Contrary to “No type”, the solvent forms interactions, which depend on the atoms type in 
contact with. 	
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2.6.4. Changing the resolution of docking 	
When the rotational degree of freedom of the ligand is included (see Section 2.5.1.1), the 
ligand rotates around a reference point in space defined by the grid vertexes (see section 
2.4.1). 										
You can increase the resolution of the rotational degrees of freedom by reducing the 
degrees of angles and dihedrals. 						
Alternatively, you can also increase the resolution of the translational degrees of freedom 
by reducing the grid spacing.	 					 	
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2.6.5. Changing the sampling of rotamers 	
The users have the choice to add side-chains that will be made as flexible during the 
simulations.  					
In the initial steps of FlexAID, rotamers from the Penultimate rotamer library are evaluated. 
Only those rotamers that fulfill the van der Waals rotamer acceptance permeability will be 
accessible during the simulations. 	
More rotamers can be accessible if the user can allow more permeability by increasing the 
acceptance parameter. However, those rotamers will have more internal steric clashes with 
their surroundings and be penalized during docking. 				
Rather than using rotamers, users can choose to use rotamer instances representing side-
chain conformers taken from a non-redundant dataset of protein-ligand holo structures. To 
use conformers, check ‘Use rotamer instances’. 	 	
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2.7. The Genetic Algorithm Params tab 	
** This tab is for advanced users only 
	
To activate the “Genetic Algorithm Params” tab, click the corresponding tab.  	
			
The functionalities of this tab are to: 	
• Adjust the number of energy evaluations (length of simulations) 
• Adjust the genetic operators 
• Adjust the PyMOL visual display of docking simulations 
• Change the fitness model 
• Change the reproduction model 	 	
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2.7.1. Adjusting the number of energy evaluations 	
FlexAID uses genetic algorithms for covering the search space. By default, FlexAID 
evaluates 90,000 complexes (300 evaluations per generation).  	
		
The search space is increased when you include additional degrees of freedom in the 
optimization (e.g. flexible bonds of the ligand flexible and/or flexible side-chains). With 
these additional degrees of freedom, more energy evaluations are required to converge to a 
minimum of energy. You can increase the number of chromosomes and generations by 
modifying the corresponding values: 	 		
Alternatively, when the search space is small, you can decrease these values. 	 	
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2.7.2. Adjusting the genetic operators 	
A genetic algorithm uses the crossover and mutation operators to sample the 
conformational space efficiently. You can modify the values of these operators in the 
following menu: 	
 	
By default adaptive operators are used, i.e. the crossover and mutation rates are increased to 
a maximum (referred as Max C.R. and Max M.R.) when the whole population of 
chromosomes has converged. You can deactivate this feature by unchecking the “Use” 
button. 	
 	
Constant operators will be used throughout the simulations independently of the status of 
the population. 	 	
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2.7.3. Adjusting the PyMOL visual display of real-time docking  	
You can modify the visual display of real-time docking in PyMOL via the following menu: 	
		
The “Number of TOP complexes” indicate the number of complexes that are displayed in 
the PyMOL viewer. The TOP complexes shown are the ones with lowest energy according 
to the scoring function. 	
		
The “Refresh interval” represents the interval, in number of generations, at which the 
display of TOP complexes is refreshed. The progress of the genetic algorithm is shown in 
the Simulate tab (see section 2.8). 	
		
The FlexAID algorithm waits for the NRGsuite to display the TOP complexes before 
processing the next generation. Thus, we strongly suggest not displaying too many TOP 
complexes as it may drastically increase the computational runtime for a simulation. 	 	
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2.7.4. Changing the fitness model  	
The selection of individuals (before reproduction, see Section 2.7.5) from the whole 
population during the genetic algorithms obeys to a fitness function. You can toggle the “Linear” and “Share” fitness models. 	
  
 
 	
In the “Linear” model, the individuals with lowest energy are given a higher probability of 
being selected. In the “Share” model, individuals closely related in the search space are 
given a lower probability of selection. Thus, this model tends to favour unexplored areas of 
the search space. By default, the fitness model is “Share”. 
 	
  
276 
276 
2.7.5. Changing the reproduction model 	
Genetic algorithms generate new individuals by reproducing parent individuals selected by 
the fitness function (see Section 2.7.4). You can toggle between the “Population boom” and “Elitism” reproduction models in the following menu: 	
			
The default model “Population boom” generates extra N individuals from the current 
population (where N is the number of chromosomes, see Section 2.7.1), and conserves the 
best N individuals from the current and new populations for the next generation. 	
		
The “Elitism” model generates extra N individuals from the current populations and uses 
the new population for the next generation. 	
By default, FlexAID ensures that none of the individuals generates are duplicated, i.e. 
represents the same complex. If you want to allow duplicates, simply check “Allow 
duplicates”. This might result in a slight gain in speed. 	
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2.8. The Simulate tab 	
To activate the “Simulate” tab, click the corresponding tab.  	
			
The functionalities of this tab are to: 	
• Control docking simulations 
• Change the visual display of complexes 
• Manage docking results 	 	
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2.8.1. Executing a docking simulation 
2.8.1.1. Controlling a docking simulation 	
To start a docking simulation, simply click “Start” button. 	
			
Once a simulation has successfully started, you have access to the “Pause”, “Stop” and “Abort” buttons. 	
		
The “Pause” button allows you to hold the simulation while looking at real-time results in 
the PyMOL viewer. The “Stop” and “Abort” buttons both end the simulation. However, 
stopping a simulation generates final results while aborting does not. Stopping a simulation 
can be particularly useful when the docking optimization has converged already to its 
minimum of energy. 	 	
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2.8.1.2. Continuing a docking simulation 	
FlexAID offers a way to continue a simulation from previously generated results. For more 
information on how to load existing results see Section 2.8.3. When results are activated, 
the “Continue” button may be clickable depending on the context. 	
		
You can continue a simulation if and only if the active results were generated with the same 
parameterization, i.e. the same target and ligand, binding-site definition, flexibility of the 
molecules, etc. Specifically, the content of the following tabs must be the same: Input Files, 
Target Cfg, Ligand Cfg and Scoring Cfg. 	
You can modify the parameters of the genetic algorithms and still be able to continue a 
simulation. 	 	
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2.8.1.3. Viewing docking in real-time 	
When the genetic algorithm is under way, FlexAID updates the values of fitness and 
scoring functions for the best individuals in terms of scoring function. When a reference is 
used (see Section 2.5.2), the RMSD is updated at every refresh interval (see Section 2.7.3).  		
		
Reserved objects TOP_<X>__ (see Section 1.4) are created in order to visualize the 
docking simulation in real-time. The complexes are colored in the PyMOL viewer using the 
color code of the table. 	
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2.8.1.4. Viewing the status of a simulation 	
At all time, you may refer to the status bar to learn more on the status of the simulation… 	 							
	
	
and on errors that may occur (always in red). 
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2.8.2. Changing the visual display of complexes 
	
The NRGsuite offers a quick way of changing the display of TOP_<X>__ complexes 
objects all at once instead of having to manually update the display for the newly created 
objects. 	
By default, the target is displayed as Cartoon and the ligand as Sticks. You can change 
these parameters as you like. 	
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2.8.3. Viewing the docking results 
	
When a simulation is finished or stopped, the reserved objects RESULT_<X>__ and 
RESULT_<X>_H_BONDS__ are created. RESULT_<X>__ are the complexes objects 
while the RESULT_<X>_H_BONDS__ objects are distances objects displaying the h-
bonds for the result. 	
Their according energy value and RMSD from the reference (when one is used) of the 
results are displayed in the table: 	
		
By default, the target is color coded using the colors in the table and is shown as cartoon. 
The ligand and other optimized residues (including side-chains) are shown in white as 
sticks surrounded by its residues shown as lines. 	
When constraints are applied, the extra column Apparent CF will appear. 		 	
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2.8.4. Loading existing docking results 	
The simulate tab also allows you to load previously generated results. To load existing 
results, simply press the “Load” button. The default directory when loading a result is 
FlexAID/Result/$COMPLEX (see section 3.3.1) of the currently active project (see section 
1.3). $COMPLEX is the uppercase value of the combination of $TARGET and $LIGAND 
(see Sections 3.3.1 and 2.3.1.2). 	
A result loaded elsewhere from the suggested directory will not be copied into your Result 
directory. 	
		
Once a simulation has successfully ended, results are automatically saved with the starting 
date and time of the simulation. The results are now set as active. The results are saved into 
the FlexAID/Results/$COMPLEX folder. 	
		
You can view the report of a result by clicking the following button: 	 		
A report gives you a detailed list of the parameters of a given result. The report is opened 
with Notepad (Windows), Gedit or Kedit (Linux), and the text-associated application 
(MacOS X). 	
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3. THE GETCLEFT INTERFACE 	 	
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3.1. Getting started 
�
GetCleft is an algorithm that identifies the cavities (or clefts). The GetCleft interface allows 
to adjust the parameters of GetCleft as well as to partition existing clefts and calculating 
their volume. 
�
The GetCleft interface contains a menu from which you can save/load clefts. The interface 
contains 3 tabs: Generate, Partition and Volume. The functionalities of each tab is reviewed 
in details in the following sections. 
�
�
�
A message box appears to hint you as going through the interface as well as informing of 
any errors that may occur. 
�
You can reset the default values in the active tab (highlighted in blue) by clicking the 
�Default��button. You can close the GetCleft interface by clicking the �Close��button. 
�
�
� �
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3.2. Working with clefts 	
Cleft objects represent the cavities of a target. Clefts are particularly useful when defining 
the binding-site within the FlexAID interface (see section 2.4.1.2) as clefts represent 
potential binding-sites for a ligand. 		 	
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3.2.1. Loading clefts 	
You can load previously saved clefts by clicking the “Load Clefts” button in the menu. 
	
	
	
The default directory when loading a binding-site is Clefts/$TARGET (see section 3.3.1) of 
the currently active project (see section 1.3). A cleft loaded elsewhere from the suggested 
directory will not be copied into your Cleft directory.  	 	
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3.2.2. Saving clefts 	
Clefts are not automatically saved when generated (see section 3.3.1). Thus, the user needs 
to explicitly save the clefts before importing them into the FlexAID interface. You can save 
clefts as long as they were generated in the same GetCleft session. If you generate clefts, 
then close the GetCleft interface and re-open it, the clefts will not be available for saving.  
	
	
	
The default directory when saving a cleft is Clefts/$TARGET (see section 3.3.1) of the 
currently active project (see section 1.3). You cannot save a cleft elsewhere from the 
suggested directory. 	 	
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3.3. The Generate tab 	
To activate the “Generate” tab, click the corresponding tab.  	
		
The functionalities of this tab are to: 	
• Generate the clefts of a target 
• Filter the generated clefts 
• Control the volume of the clefts 	 	
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3.3.1. Generating clefts 	
The initial step in generating clefts is to select the target of interest from the existing 
PyMOL object/selection by clicking its name in the widget (see section 1.5). This target is 
referred as $TARGET. 	
		
		
Upon selection of the target, simply click the “Start” button. 	 		
When clefts are generated, they are automatically loaded into the PyMOL viewer using a 
unique color code as well as object name. 	
		
Each object is named $TARGET_sph_<X>, where <X> represents a numerical value. 	
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Specifically, clefts are ordered in decreasing number of spheres inserted (see section 3.3.4), 
which can somewhat be correlated in terms of volume. 	 	
  
294 
294 
3.3.3. Filtering generated clefts 	
You can apply filters before generating the clefts to: 	
• Select only clefts in contact with a residue 
• Limit the number of clefts 		 	
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3.3.3.1. Filtering generated clefts using a residue code 	
You can filter clefts by selecting only those in contact with a residue. To do so, simply 
enter its residue code (see section 2.4.2.2). 	 		
	
	
A residue in contact is not restricted an amino acid or nucleic acid, as it may also specify a 
metal, a ligand or a water molecule (e.g. MG1A, HOH103C). 
 
Applying this filter may return no clefts if none of the clefts are in contact with the residue. 
Otherwise, only clefts in contact are shown. 	
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3.3.3.1. Limiting the number of clefts 	
You can limit the number of clefts that are generated by modifying the following 
parameter: 	 		 		
When the value inputted exceeds the apparent number of clefts, all apparent clefts are 
shown.  
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3.3.4. Controlling the volume of generated clefts 	
GetCleft detects the cavities of a target by introducing spheres between pairs of target 
atoms and reduces the radii of the spheres until there are no clashes. The radius range can 
be used to control the volume of generated clefts. By default, the range goes from a 
Minimum of 1.50A to a Maximum 4.00A. 	 		
		
Reducing the minimum radius allows to insert spheres in deeply buried cavities. Thus, 
clefts generated with lower minimum are larger. 	 		
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3.4. The Partition tab 	
To activate the “Partition” tab, click the corresponding tab.  	
		
The functionalities of this tab are to: 	
• Partition a cleft 	 	
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3.4.1. Partitioning a cleft 	
It is possible to partition the volume of an existing cleft in the case where the cleft is too 
large for our needs. 	
Partitioning a cleft consists in 3 easy steps: 	
• Selecting the cleft to partition 
• Adding spheres to partition 
• Creating the partition 	
You can toggle between the differents steps by using the green arrows: 	 			 				 	
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3.4.1.1. Selecting a cleft to partition 	
To partition a cleft, simply select the cleft of interest from the list of clefts. Only objects 
containing the _sph_ tag are displayed in the list.  
	
		
		
The selected cleft will flash in the PyMOL viewer. 
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3.4.1.2. Adding spheres to partition 	
To partition a cleft you need to add one or multiple partition sphere(s). The cleft volume 
contained into the volume of the spheres is conserved. 	
		
To add a sphere, click the “Add” button. A wizard will active and a partition sphere will 
appear centered onto your cleft. The name of the sphere object is SPHERE_X__, where X 
is a numerical value of the index of the partition spheres inserted. To move and resize the 
sphere, refer to section 2.4.1.1.  	
		
Once you set the size and location of the partition sphere properly, click the “Done” button 
in the Wizard. The partition sphere will appear in the Spheres objects list. If you wish to 
modify this sphere simply click the “Edit” button. A new wizard will activate. You can also 
delete partition spheres by clicking the “Delete” button. 	 		
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A second partition sphere is added. The sphere is also appended to the sphere objects list. 	
To help you distinguish which sphere corresponds to which in the PyMOL viewer, you can 
refer to the SPHERE_PT_AREA__ object. The object is shown as a transparent violet 
sphere and refers to the currently selected sphere in the sphere objects list. 	
		
		
The greyed out volume of the cleft represents the volume that will be conserved when the 
partitioned cleft is created. 	
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3.4.1.3. Creating the partition 	
You can create a partition from the following menu: 	
		
Name your partition and click “Create”. The partitioned cleft will appear as a darker color 
than its parent cleft. 
 
** You can no longer rename the partition in recent versions of the NRGsuite. 	
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3.5. The Estimate tab 	
To activate the “Estimate” tab, click the corresponding tab.  	
		
The functionalities of this tab are to: 	
• Calculate the volume of clefts 
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3.5.1. Estimating the volume of clefts 	
The clefts appear are color-coded and are displayed as a list in the volume tab. If your cleft 
does not appear, try pressing the “Refresh clefts” button at the bottom. A cleft with 
uncalculated volume has a null volume (0.0).  	
		
		
You can estimate the volumes of all clefts (“ALL” button), uncalculated clefts 
(“Remaining” button) or of a selected cleft (“Selected” button), e.g.: 	
		
The calculated volume is displayed upon completion. 		 	
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3.5.1.1. Increasing the resolution of calculations 	
The calc_volume algorithm uses an incremental procedure to determine the volume of 
clefts. You can increase the level of precision by increasing the iterations. You can adjust 
the number of iterations by modifying the following field: 	 		
However, the computational runtime is increased with higher number of iterations. On less-
performing systems, you may decrease that number. 	 	
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3.5.1.2. Saving the volumes 	
If you wish to save the calculated volumes for later without having to re-calculate them, 
you can explicitly save them by clicking “Save volumes”. 	
		
Saving the volumes requires you to save the clefts before. For more information on how to 
save clefts, see section 3.2.2. 
 
